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PREDICTING THE PERFORMANCE OF BAND 7
COMMUNICATION SYSTEMS

USING ELECTRONIC COMPUTERS

by

Donald L. Lucas and George W. Haydon

ABSTRACT

Radio system parameters are combined with
geophysical and ionospheric characteristics to pre-
dict the performance of high frequency sky-wave
communication circuits through the use of electronic
computers. A program is presented to compute
Maximum Usable Frequencies, Optimum Traffic
Frequencies, Lowest Useful Frequencies, probable
mode of propagation, angle of arrival, circuit
reliability, system loss, available signal-to-noise
and field strength. Numerical representation is
used for all parameters not expressed in closed
mathematical form.

I. INTRODUCTION

Long distance high frequency radio systems are subject to

marked variations in performance, most of which are directly related

to changes in the ionosphere. Changes in the ionosphere result in

variations in the maximurmn frequency which will be returned back to

earth, in the strength of the radio waves due to increased absorption,

in optimum vertical angles of wave arrival and departure, and in the
background noise level as atmospheric radio noise is propagated from

great distances. Effective operation of long listance high frequency

radio systems increases in proportion to the ability to predict variations

in circuit performance and thereby optimize frequency selection, antenna



choice and other circuit parameters to capitalize on anticipated ionos-

pheric conditions. It is the purpose of this report to present a current

Computer routine which has been developed to combine the more pre

dictable ionospheric characteristics with circuit paramneters to calculate.

the expected performance of high frequency sky-wave radio systems.

Basic ionospheric characteristics which are considered predictable

enough to be useful are:

(1) The monthly median of the ordinary ray vertical incident

critical frequencies of the FZ layer (foF2),

(2) The monthly median of the factors relating the vertical

incident critical frequency to Maximum Usable Frequency on a 3000 km

path (M-3000 factor).

(3) The monthly median minimum virtual height of the F2 layer.

The following ionospheric characteristics are derived in the

prediction process :

(1) The E-layer critical frequency as a function of solar activity

and angle of the sun.

(2) Ionospheric absorption as a function of operating frequency,

gyro frequency, solar activity, angle of the sun, and vertical angle of

departure.

(3) Factors relating the E-layer critical frequencies at diferent

departure angle s.

(4) Factors relating F-layer critical frequencies at diferent

departure angle s.

The following geophysical data are utilized:

(1) E-region gyro frequency.

(Z) F-region gyro frequency.

(3) Geomagnetic latitudes.

(4) World-wide distribution of land and sea.
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(5) World-wide distribution of atmospheric noise including

seasonal, diurnal and frequency variations.

(6) Cosmic noise including frequency dependence.

(7) Man-made noise in the receiving area including frequency

dependence.

The following circuit data are needed:

(1) Transmitter location,

(2) Receiver location.

(3) Transmitter power.

(4) Transmitting antenna (physical dimensions and orientation).

(5) Receiving antenna (physical dimensions and orientation).

(6) Type of traffic (modulation, type of intelligence, speed of

transmission, required quality).

The above data are combined to determine the following perfor-

mance characteristic s of the circuit:

(1) The Maximum Usable Frequency (MUF).

(2) The Optimum Traffic Frequency (FOT).

(3) System loss (ratio of power received to power transmitted).

(4) Field strength at the receiver.

(5) Monthly median of hourly median available sig'nal-to-noise

ratio.

(6) Circuit reliability (per cent of days the hourly median signal-
to-noise ratio can be expected to equal or exceed a given value).

(7) The Lowest Useful Frequency (LUF), the frequency below

which the circuit reliability is expected to be less than 90%.

In addition to the above circuit performance characteristics, the

following other circuit characteristics are determined:

(1) The short great circle distance.

() Bearing of the transmitter at the receiver.
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(3) Bearing of the receiver at the transmitter.

(4) Propagation path having the lowest system loss, e.g., 2 hops

via F layer t 2F.

(5) Vertical reception angle associated with the best propagation

path.

The solution of the problem is divided into two parts: (1) an

estimation of the available signal, and (2) an estirnation of the required

signal. The available signal depends upon:

(1) The transmitter power.

(2) The transmitter antenna gain.

(3) Loss due to spreading of the radio energy as it propagates

to greater distance.

(4) Losses in the ionosphere due to absorption.

(5) Losses at each ground reflection.

(6) The gain of the receiving antenna.

The required signal depends upon:

(1) The atmospheric noise at the receiver location.

(2) The man-made noise at the receiver location.

(3) Cosmic noise.

(4) The required signal-to-noise ratio depending upon type and

quality of service desired.

The most basic calculation in the estimation of available signal

power is the system loss calculation. The ionospheric, geophysical

and circuit characteristics are combined to estimate a quasi-minimum

system loss (the minimum loss expected on any day of the month at the

hour for which the calculations are made). The distribution of losses

above the quasi-minimum have been empirically determined and are a

function of geographic location and time of day. These statistical

distributions are used to account for the numerous other factors which



contribute to variations between predicted signal levels and those ob-

served on a given day. These factors include polarization mismatch

between the signal and the antenna, focusing by the ionosphere, defo-

cusing by the earthi variations between theoretical and actual antenna

performance and day to day variations in ionospheric layer heights,

ionospheric absorption and critical frequencies.,

Basic FZ-layer data for long term predictions are numerical

maps of the FZ region as determined from world-wide observations

using 1954 as typical of a low solar activity period and 1958 as typical

of a high solar activity period. in addition to 1954 and 1958, F2 data

from other periods of high and low solar activity have been incorporated

in the March, June, September and December predictions, since these

seasonal extremes are often used in long term plann ing.

Numerical maps of the FZ layer for monthly predictions will be

a part of the "Ionospheric Predictions" CRPL Series D issued by the

Central Radio Propagation Laboratory starting with the January 1963

issue.

Sporadic E and Fl-layer predictions are considered in this report,

only insofar as propagation by these modes enter into the empirically

determined signal distributions.

I. PROGRAM DESCRIPTION

The computer routine is based on established manual methods

and assumes a working knowledge of these methods [ Laitinen, 1949],

[Haydon, 1962], [NBS Circular No. 462], along with a familiarity of

Fortran II computer language [ McCracken, 196Z],

The computer method described is designed for any (32K IBM-

7090 class) computer with the necessary compiler and tape units. The

Fortran II computer language assures flexibility and ease of modification
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as better knowledge of the various parameters becomes available. The

program provides the communicator with a completely general method

for predicting the performance of any sky-wave high frequency radio

system. The system performance calculations may be performed for

any month of the year, and any degree of solar activity for any hour of

the day. Nuimerical mapping is included for those parameters not

evaluated directly by the closed mathematical expressions (Section IX).

The program is designed to be used with either a "long-term"

prediction data tape which utilizes coefficients foF2 and M-3000 factors

representing periods for high and low solar extremes, or a "short-term"

data tape which utilizes monthly coefficients issued by CRPL approx-

imately three months in advance.

1. MUF-FOT

The Maximum Usable Frequency and Optimum Traffic Frequency

are based on FZ-region numerical mappilig of ionospheric character-

istics recently developed by CRPL [Jones and Ga11et, 1961], and a

semi-empirical relationship between the sun' s zenith angle and solar

activity for the regular E region [Haydon, 1962]. Conventional pre-
diction methods [ NBS Circular No. 462] using control points along the

great circle 2000 kilometers from each terminal for the FZ layer, and

control points 1000 kilometers from each terminal for the regular E

layer are used for paths greater than 4000 kilometers. The midpoint

of the path is considered as the control point for both E and F layer on

paths less than 4000 km.

Since the basic data for the predictions are monthly median values,

predictions for specific days within the month are not available.
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1. System loss computations are based on ray-path theory with

path limitations based on ray-path geomrnetry between a spherical earth

and a concentric ionosphere. Limitations fall into two categorles,

arrival angle and penetration frequency, and the probable paths for a

given circuit at a given hour and frequency are chosen on the basis of

these limitations.

F-region propagation is considered unlikely in these computations

if the angle at the FZ region is too sharp for F-layer support or if the

penetration frequency of the E region rises to a value which will support

the operating frequency. In this last case, E region transmission is

geometrically possible. Multiple hop transmission for a given circuit

is possible solely by the E region or the FZ region, but the computer

routine also includes the case where some hops of a given path are

supported by the E region and other hops supported by the FZ region.

Three FZmregion paths, two E-region paths, and one E-FZ-region

path are inspected for a given circuit at a given hour for a given fre-

quency. The path that is geometrically possible with the least theo-

retical loss is assumed to be the most useful mode with a loss typical

for the circuit. The total field is not included in this routine.
Z. Layer heights used for the FZ region are minimum vertical

heights averaged for a given month. E-layer height is assumed to be

110 km. The average height of the absorbing region is assumed to be

100 km.

3. Ionospheric layer heights at the reflection points are averaged

in calculation of the vertical radiation angle (4) and the angle of incidence

at the ionosphere ( '). Unequal take-off angles in multi-hop cases are

not included.



4. Absorption in the lower regions is represented by a semi-

empirical relationship involving the angle of incidence at the ionosphere,

the gyro frequency in the absorbing region, the zenith angle of the sun,

solar activity, and the operating frequency.

5. Estimation of the ground reflection losses is evaluated for

either land or sea reflections. Shore line and mixed paths are not

included and random polarization of the downcoming waves is assumed,

6. Convergence and divergence of the ionospheric waves are

included in the routine only in the empirical determined system loss

distributions.

7. Theoretical vertical and horizontal reflection coefficients

are evaluated for the ground losses and the antenna patterns.

8. Receiving antenna response (gain) is assumed to be equal to

the antenna gain of an identical antenna used as a transmitting antenna.

All gains are relative to an isotropic in free space.

The complete computer routine contains a subroutine for three

general types of antennas.

a. Terminated rhombics at any height above the terrain, any

leg length and tilt angle. Poor earth (0' = 001 mhos/meter; f = 4) is

assumed as the terrain, but any ground conductivity and, dielectric

constant could be used. Off -azimuth radiation may be computed for

the rhombic s.

b. Horizontal half-wave dipoles for any height above finite earth.

c. Vertical ship antennas for constant length elements or for

multiples of any wave lengths not less than . 02 X. Practical efficiencies

of grounded verticals less than one-quarter wave length are computed

and included in the antenna gain.
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9. Signal distribution is assumed to vary with geomagnetic

latitude and length of the circuit and quasi-minimum losses are

adjusted to median losses in terms of these empirical distributions

[Haydon, 196Z].

10. Off-great-circle transmissions are not included in these

calculations.

3. Field StrengthOgpo

The field strength option is computed similar to the system loss,

then mathematically related to the system loss (Section IX).

4. Radio Noise

The CCIR world-wide maps of atmospheric noise are used as

representative of the distribution of noise (CCIR Report No. 65],

Man-made noise estimates are based upon the type of receiving

area [Haydon, 1962]. Measured values of man-made noise are also
acceptable.

Galactic noise at the receiver site (CCIR Report No. 65] is

estimated by a least squares polynomial in frequency. The highest of

the three noise types is assumed to predominate and the total noise

field is not estimated. All noise values are expressed in db relative

to 1 watt for a one-cycle bandwidth. The 1 Mc/ s atmospheric noise

above KTB is adjusted to a I c/ s band relative to one watt by least

squares polynomial representation of the seasonal maps [Lucas and

Harper, 1962].

5. Available Signal-To-Noise

The monthly median of the hourly median available signal is

compared with the average noise in a four-hour time block at the

receiver site. This gives an estimate of the monthly median of hourly

median total signal power relative to noise in a one -cycle band.
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6. RequiredSignalTo-Noise

The required signal-to-noise depends upon the service required.

e.g,, error rate in teletype, intelligibility of voice, etc. A basic

signal-tomnoise requirement based upon a steady static signal and

random noise adjusted for signal fading degradation, diversity improve-

ment, etc., determines the required signal-to-loise.

7i Reliabiity

Reliability is estimated at discrete frequency bands by calculating

the ratio of the available monthly median signal-to-noise of Paragraph

5 to the required hourly median signal-to-noise of Paragraph 6. Using

the above parameter and the operating frequency, theoretical reliability

is obtained for a given circuit of a given length and geomagnetic latitude

by use of statistical two-dimensional maps.

8. Lowest Useful Frequency

The Lowest Useful Frequency is calculated by stepping through

the HF band until a reliability of 90% or more is obtained, then stepping

down in small increments of frequency until a frequency is found that

has (within the tolerance of the frequency increment) 90% reliability.

This frequency is the classical 90% LUF.

III. PROGRAM USE

The IBM-7090 Fortran II listing is shown in Section VIII. The

cards corresponding to these listings with the associated control cards

necessary for the specific monitor being used are aUl that is necessary

to compile the program. A pictorial view of a sample deck ready to

run under the IBM-7090 monitor is shown in Figure 17. System sub-

routines used in the program are as follows:
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Subroutine Call Argument

I. Sine SINF (x) (radians)

2. Arc sine ASINF (x) (- I 5 x I)

3. Cosine COSF (x) (radians)

4. Arc cosine ACOSF (x) (1 1 5 x :5 1)

5. Absolute value ABSF (x) (floating)

6. Absolute value XABSF (x) (fixed)

7. Arc tangent ATANF (x) (. cc s x S 00)

8. Square root SQRTF (x) (0 S x 2 00)

9. Transfer of sign SIGNF (x, y) (arg i, arg 2)

10. Logarithm (Base 10) LOGIOF (x) ,0 < x cc)

11. Natural logarithm LOGF (x) (0 < x c)

12. nteger function INTF (x) (- S x cc)

The entire program including common variables and system

subroutines occupies approximately Z4000 decimal locations.

Routines included in the program with a brief description of their

function are:

MUFLUF -- (2550 decimal locations)

This is the main program. It calculates the Maximum Usable

Frequencies, Optimum Traffic Frequencies, and other parameters

needed not only in the calculation of these critical frequencies but also

in one or more subroutines.

LUFFY - (3857 decimal locations)

This subroutine is larger and more complex than MUFLUF, but

is a subprogram because the option is asked for in MUFLUF. This

routine calculates the systems performance of a given circuit, i. e.,

system loss, reliability, signal-to-noise and field strength. The sub-

programs that follow are used by LUFFY to perform a specific task

needed in the system performance calculations.
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POLY -- (107 decimal locations)

This subroutine is called upon to evaluate all parameters that

are represented by Nth degree polynomials of the power series in X.

Example:

Y 1(A OxO +A 0 1 x 1 +... +A 0  xn)Z 0

0 0 1 n L
+KAl'Ox .+A x +.+A x n Z

+

+x 0+ A X1 +..i +A xn\- M,0m,l rn,n /

LOSS -- (214 decimal locations)

This subroutine evaluates the ground reflection losses as a

function of the reflection angle and operating frequency over finite

earth. Random polarization is assumed in the calculations as the

vertical and horizontal reflection coefficients are assumed to contri-

bute equally in the polarization effects of the loss.

This routine is unique in that complex arithm etic is absent in

the calculations of these reflection losses [ Phillips, 1961]9

GAIN -- (684 decimal locations)

This routine calculates theoretical power gains of horizontal

rhombics in three dimensions, horizontal dipoles, and practical

grounded vertical radiators, all over finite earth. Practical lower

limits of gain have been set as -l0 db relative to an isotropic in free

space.

CI -- (411 decimal locations)

This function subroutine evaluates the sine and cosine integral
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x

Si x) 0 si v dv

dvx

Ci W)to c os--v dv
v

when called for by the loss and gain routines.

NOISY -- (2155 decimal locations)

This routine calculates the world-wide distribution of atmospheric

noise and major land bodies which are represented by Fourier

coefficients.

The evaluation is made at a given longitude and latitude of the

receiving location or ground reflection point.

CURVY m (1462 decimal locations)

This routine, although not pertinent to the solution of any problem

encountered in system performances, produces a semiiine graph

representation of the diurnal variation of either or both the Optimum

Traffic Frequency and the Lowest Useful Frequency.

VREFCO -- (230 decimal locations)

V.This routine calculates the ground reflection coefficient (K .) for

vertically polarized waves.

NOTE:

The ground reflection coefficient (KH) for horizontally polarized

waves is calculated within subroutine GAIN.

IV. DESCRIPTION OF DATA TAPES

1. "Long-term" Data Tape.

The binary data tape for the storage of coefficients representing

those variables not expressed in closed form has a packing density of

t /cigdniyo
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556 frames per inch. Twelve logical records - one for each month -

are used. Each logical record is composed of physical records 256

words in length. Approximately 800 feet of tape are used.

Each logical record contains six one-dimensional arrays, three

three-dimensional arrays, one two-dimensional arrya in the following

order:

IL (4), JL (4), KL (4), LK (4), SAL (4), Q (20, 60,4),

A (10,7, 14), P (29, 16, 6), ABP (2,6)

The variables IL, JL, KL, LK, and JAL are limits to which the

Fourier generation of the foF2 and M-3000 factors are carried, e g,

IL (1) is associated with the two dimensional set of coefficients
S(M, N, 1).

The "Q" arrays [ Lucas, 1961] contains the coefficients used in

the generation of the foFZ and M-3000 factors in the following order

for each month:

1. Q (M,N, 1) foFZ - low solar activity

2. Q (M,N,Z) foF2 - high solar activity

3. Q (M,N, 3) M-3000 - low solar activity

4. Q (M,N, 4) M-3000 . high solar activity

The "A" array contains the coefficients needed for other para-

meters not represented in closed form:

A (M,N, 1) gyro-frequency distribution [ Lucas, 19611

A (M,N, 2) H'fZ layer height charts [Haydon, 196Z]

A (M,N, 3) blank to leave space for numerical representation

of measured patterns of antennas

A (M, N, 4) nighttime frequency dependence of atmospheric

noise [Lucas and Harper, 1962],

A (M,N, 5) daytime frequency dependence of atmispheric noise

A (M, N, 6) man-made noise level in industrial area [Haydon,

1 962]
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A (M, N, 7) man-made noise level in residential area

A (M, N, 8) man-made noise level in rural area

A (M, N, 9) man-made noise level in remote unpopulo-us area

A (M, N, 10) daytime distribution of circuit reliability in

temperate regions [Haydon, 1962]

A (M, N, 11) nighttime distribution of circuit reliability in

temperate regions

A (Mj N, 12) distribution of circuit reliability in polar r egion

A (MN, 13) distribution of short circuit reliability in

aurora! region

A (M, N, 14) distribution of long circuit reliability in

auroral region

The "P" array of each logical record contains five maps of the

world.wide distribution of atmospheric noise [Lucas and Harper, 1962]

for the month being considered. The major land bodies of the world

are also represented in this array.

P (M,N, 1) 2000-0400 LMT

P (M, N. 2) 1600-20oo LMT

P (M,N,3) 1200-1600 LMT

P (M,N,4) 0800=1200 LMT

P (M, N, 5) 0400-0800 LMT

P (M, N, 6) major land bodies of the world

The array "ABP" contains the convergence factors for the Fourier

generation of the "P" matrix [ Lucas and Harper, 1962].

The elements of the matrices tht are not sensitive to month are

identical for all logical records.

Z. "Short-term" Data Tape.

(a) Description of "Short-term" Data Tape
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The 'shortioterm" data tape is identical to the 'long -term'" data

tate with the exception of the foFZ and the Mm3000 coefficients. On

the "short -term" tape each particular month' s coefficients are stored

iin positions used by the coefficients representing high and low solar

activity extremes on the "long term" tape. The Solait activity index

associated with the "short-term'" coefficients must be used w,.hen pre-e

dictions are made using these coefficients. The routine which follows

is designed to generate and update a "shortwte m" data tape as the

coefficients become available. It is designed to use the "long atertn"

or "shortwterm" tape (Logical A! anid Logical tape 93)which will become

the new "short-term" data tape. Precede the data deck with one card

which contains the first and last months for which the 'Shortasterm'

tape is to be updateld. A mninus 1 card punched in columns D-5-56 m~ust

follow each individual foF1 or M-3000 coefficient deck. A sample deck

for one month' s data is:

6- 4503 139 10 6 48 6 10 1 37.0 0 0 3. 0483946E 00

8i 5..6~: j10J~ 24. 1 37 .83r,-

16- 37058
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(b) Programn to Use CRPL Series D Predicted Coefficients

to Generate and Update " Short-mte rm" Tiape.

C ALWAYS USE MOST REtCENT TAPE FOR UPDATING SNORT-TERI-M TAPE
DIMENSION Q(20,6O,94),IL(4),JL(4),KL(4,),LK(4).JAL(4).A(jO7,14),P1l(

I FORMAT (19)X,214,diX.14,lZX,215.E17.t7)

2 FORMAT (51Xs2I5#W1

101 FORMAT(2I2)

READ INPUT TAPE 591O1.MONTN1.,MONTH2

REWIND 2

REWI ND 3
MONT HSOMON THZ+1

LOCK a MONTH1-1

IF(LOCK) 495.4

4 DO 3 1161eLOCK

READ TAPE 2,ILJLKL.LKJA LQAP1,ABP

3 WRITETAPE 3#IL9JLvXL*LK9JAL#Q.AwP1,ABP

55 DO 100 lImMONTH19MO4TN2

READ TAPE 2. IL9JL9KL9LK*JAL*QvA9Pl#ABP

5 READ INPUT TAPE 5#19l9J9K9.L9M9N9P

KL(10)-K+l

jAL(10)*2*J41

20 MuM+1

N=N.1

REA 9 P~u
REA INPUT TAPE 592.NN.

IF(M) 40.-20.20



6 00 7 0*2910

40 10*10+2 1

IFL(410) 6.5.5 1 1

LKIIO)*LK( 10-1)

JAL (10) aJAL ( 10- 1)

DO 7 Nz1t,0

7 Q1MNI0)QG(M9NI0-i)

100 WRITETAPE 3t ILJL9KL9LKJ'AL9QAP1,ASP

IP(t4OtTH3-12) 3010301,401

301 DO 201 K*MONTH3912

READ TAPE 2*ILeJL9KLLK9JALQ*A9PlASP

201 WRITETAPE 3*IL*JL,KL9LK9JALtQA*FPAB:P

401 REWIND 2

REWIND 3

CALL EXIT

EMinor changes in the Fortran program found above would allow

theupdtin ofthe"log-term" tape as better coefficietsbcm

available.

Extreme caution should be exercise d when changes are being

mn-ade to the data tape. Fortran statements identical to the read state-

ments in the main program "MUFLUF" should be used to re -write the

tape.
Inspection and checking of coefficients contained on the tape a

be accom plished by merely dumping the tape off-line. It is suggested,

however, that for easier inspection it be read by the "re ad tape" state-

ments contained in "MUFLJUF".
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Data tapes for the IBM47090 containing all the logical records

may be obtained from the Radio Systems Division, National Bureau of

Standards, Boulder, Colorado.

V. PROGRAM OPTIONS,

Options included in the program aid in the solution of a wide range

of systems problems. Options designed to be printed on standard

9 by 11 paper are:

1. MUF and FOT (Figure 1)

The Maximum Usable Frequency (MUF) and Optimum Traffic

Frequency (FOT) are printed three circuit months per page.

Z. MUF, FOT, MODE, ARRIVAL ANGLE, AND RELIABILITY

(rigure 2)

The Maximum Usable Frequency, Optimum Traffic Frequency,

theoretical angle of arrival, probable mode of propagation and circuit

reliability are printed one circuit month per page. MUF-FOT' s are

calculated for each hour of GMT. Mode, angle and reliability are

calculated only for even hours of GMT.

3. FOT and LUF (Figures 3 and 4)

The Optimum Traffic Frequency and the Lowest Useful High

Frequency are printed three circuit months per page. The Optimum

Traffic Frequency is always given each hour of GMT while the commiun-

icator has a choice of each hour or every even hour of GMT for the

Lowest Useful High Frequency.

4. MUF, FOT, MODE, ARRIVAL ANGLE AND SYSTEM LOSS

(Figure 5)

The Maximum Usable Frequency, Optimum Traffic Frequency,

theoretical angle of arrival, probable mode of propagation and monthly

median of hourly median system loss are printed one circuit month per
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page. MUF and FOT's are calculated for all hours of GMT while mode,

angle, and system loss are calculated for even hours-of GMT.

5. MUF, POT, MODE, ARRIVAL ANGLE AND FIELD STRENGTH

(Figure 6)

The Maximunum Usable Frequency and Optimum Traffic Frequency,

theoretical angle of arrival, probable mode of propagation and monthly

median of the hourly median field strength are printed one circuit month

per page5 MUF and FOT' s are calculated for all hours of GMT while

mode, angle, and field strength are calculated for even hours of GMT.

6. MUP, POT, MODE, ARRIVAL ANGLE AND SIGNAL TO-

NOISE (Figure 7)

The Maximum Usable Frequency, Optimum Traffic Frequency,

probable mode of propagation, theoretical angle of arrival and monthly

median of the hourly signal-to-noise at the receiving antenna terminals

are printed one circuit month per page. MUF and FOT' s are calculated

for all hours of GMT while mode, angle, and signal-to-noise are cal-

culated for even hours of GMT.
7. MUF, FOT AND RELIABILITY (Figure 8)

The Maximum Usable Frequency, Optimum Traffic Frequency

and circuit reliability are calculated every even hour of'GMT and

printed two circuit months per page,

8. FOT GRAPHS (Figure 9)

The Optimum Traffic Frequencies are plotted frequencies vs.

GMT time on a nonlinear frequency scale by the on-line printer.

9. FOT AND LUF GRAPHS (Figure 10)

The Opimum Traffic Frequencies and Lowest Useful High
Frequencies are plotted frequencies vs. GMT time on a nonlinear

frequency scale by the on-line printer.



The above options may utilize one of two input data tapes. Long-

term predictions are available from a data tape with nurnericai coeffic-

ients for the months representing both high and low solar activity.

These extremes are used to predict MUF associated with the

intermediate sunspot number.

Short-term predictions are available from a data tape with

numerical coefficients for approximately three months in advance. No
interpolation is made when using this data tape.

VI. COMPUTER INPUT'S

1. Circuit Card Format

A data sheet should be prepared for each circuit before punching

the card. The number in the left hand column below refers to infor-

mation on the data sheet (Figure 11). The fields should be punched as

follows (Figure 13) with numbers right justified.

Data Sheet Card Columns
1. 1-5

2. 6-11

3. 1Z-16

4. 17-22

5. 28-30

6. 31-33

7. 34m36
8. 37-39

91 (See Note #1) 40-41

10. (See Note #2) 40-41

11. 42m44

12. 45-7

13. 48-50
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14. (See Note #l) 51-52

15. (See Note #2) 51-52

.16. (See Note #4) 53- 55

17. (See Note #3) 53-55

18. 56-58

19. Does not apply

20. (See Note #5) 59-62

21. (See Note #5) 63-66

22. 71-72

NOTES:

1. (a) if rhombic is circled, enter -1

(b) if )/2 dipole is circled, enter-3

(c) if vertical is circled, enter wZ

(d) if vertical in multiples of wave length

is given, enter in height cols. -14 for

X/4; -12 for )/2; -1 for X, etc.

2. If this number is given instead of the

information which appears in Note 1 (d)

above, enter this number.

3. (a) If check in Industrial, enter -1

(b) If check in Residential, enter -2

(c) If check in Rural, enter -3

(d) If check in Remote Unpopulous, enter -4

4. If number is given, enter this number in,

lieu of #17 from data sheet.

5. Bearing in degrees east of north.
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2.Method Card Format

The following is a list of methods available. The numbers on

the right call the various methods when placed in the columns shown.

Card Columns Print-
Calculations to be Performed 2 4 6 8 Out

MUF-FOT listing from circuits on cards 1 1 0 0 Figure 1
MUF-FOT listing from circuits on tape 1 0 0 0

FOT curve from circuits on cards 1 1 0 1 Figure 9
FOT curve from circuits on tape 1 0 0 1

Reliability-mode-angle from circuits 2 1 0 0 Figure 2
on cards

Reliability-mode-angle from circuits 2 0 0 0
on tape

FOTcLUF listing every hour from 3 1 0 0 Figure 3
circuits on cards

FOT-LUF listing every hour from 3 0 0 0
circuits on tape

FOT listing every hour, LUF every 2 3 1 1 0 Figure 4
hours from circuits on cards

FOT listing every hour, LUF every 2 3 0 1 0
hours from circuits on tape

FOT-LUF curves from circuits on cards 3 1 0 1 Figure 10
FOT-LUF curves from circuits ' on tape 3 0 0 1

System loss from circuits on cards 4 1 0 0 Figure 5
System loss from circuits on tape 4 0 0 0

Field strength (dbu) from circuits on 4 1 1 0 Figure 6
cards

Field strength (dbu) from circuits on tape 4 0 1 0

Reliability"FOT every 2 hours from 5 1 0 0 Figure 8
circuits on cards

Reliability.FOT every 2 hours from 5 0 0 0
circuits on tape
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Available S1 N from circuits on cards 6 1 0 0 Figure 7
Available S1 N from circuits on tape

3. Assemblig the Data Decks

Only one data tape is needed with these routines (Tape #2). A

utility tape #3 is also needed which will contain the circuits from a

given run, if a large number of circuits are to be run repeatably, it

is wise to save the tape and run from it in lieu of circuit cards,

To assemble a data deck, first make the method and frequency

complement cards for the desired HF predictions. If the circuits are

to be read from cards, the circuit cards must follow the frequency card.

Following the last circuit card, insert a "nines card" (the number 9

punched in columns 1 through 19), to indicate the end of the circuit

cards. The next cards will indicate the months and solar activity

levels for which the calculations are to be made.

The months January through December are indicated by numbers

1 through 12 placed on the card in columns 23 and 24. On the same

card, in columns 25, 26 and 27, punch the appropriate sunspot number.

If it is desired to terminate the calculations of these circuits underthe

called method, a card with - punched in columns 23 and 24 should

follow the "month and sunspot number"' card. However, if another

method is to be run for the same circuits, follow the -I card by method
and frequency cards that allow the circuits to be read from tape (see

method card format). The circuits will be read from tape #3 just

prepared. Following the new frequency and method cards, place the

desired month and sunspot number cards. Notice the nine' s card has

been omitted. A -1 card inserted after the month and sunspot number

card will terminate the method and a blank card following the -1 card

will terminate the job.



The data deck (to be run from cards) is composed of the following

cards in the order they appear.

1. Method card

2. Frequency complement card

3. Group of circuit cards

4. Nines card

5. Group of month and sunspot cards-

6. -1 card

(See Figures 14 and 15)

Any number of different methods with different circuits may be

set up sequentially in the above order, When it is desired to terminate

the job, place a blank card after the al card.

A data deck to be run from tape is composed of only:

1. Method card

2. Frequency complement card

3. Group of month and sunspot cards

4. -1 card

(See Figure 16)

4. Purpose of Cards in Data Deck

(a) Method Card:

The method card shown in Figure 13 allows the communicator a
choice of computations shown in the example print-outs (Figures 1

through 10) with the option of having data for the circuits on either

cards or magnetic tape.

(b) Frequency Complement Card:
The frequency card allows the communicator a choice of 10 fre-

quencies for which calculations will be made, e.g., 3. 1240, 4. 7856

...... 30. 0000. If fewer than 10 frequencies are wanted merely put
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the desired ones s equentially on card from the beginning, then punch

unused fields with 990000. If method #3 is to be run, it is suggested

that a frequency card identical to Figure 12 be used.

(c) Circuit Cards (Figure 13):

The circuit cards are designed to contain all necessary circuit

parameters to be run under any choice of the computations shown in

Figures I through 10.

(d) Nines Card (Figure 12):

The nines card is a circuit card which is not computed. The

machine senses this card and is told the entire list of circuits has been

calculated for the given month.

(e) Month and Sunspot Number Card (Figure 12):

The month card contains the month of the year and its associated

sunspot number for the desired circuit calculations.

(f) Minus One Card (Figure 12):

The minus one card instructs the machine that all computations

are complete for a given method.

(g) Blank Card (Figure 12):

A blank card following a "minus one card" instructs the machine

that all computations for a given run are complete.
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1JAN SSNO 25.6S 39.007
IRANSAIVIER Nice I VER BEARINGS N.PMILES
40.15W i- 113601M 32.33014 64.10W 135.6 321.3 612.59

Ghl MUP POY GNT PUP :P01 Gpli MUP POT GOT PUP FOY

& Sol 4.9 7 . 49 10. 944 Ij o~ 19 11.6 10.69

2 .2 4.04 a 55 47 14 11.4 10.6 20 11.7 9.9

3 5.2 4.5 9 5.*4 4.6 I5 11.:6 11.4 21 11.2 9.5

4 5.4 4.6 10 4.91 4.2 16 11.6 11.6 22 9.61 6.2

5654 4.6 11 5.1 46S 11 116 11.6 23 761 6

6 5.1 4.69 12 1.4 6.9 16a 11.5 11e5 24 6.5 5.5

2 JANW S5W* 25. SC 9.01-6
TRANSMITTER KREEIER S1EARINGS N.NILES

51.50 SO 0601W 21691NW4 15.67W 21295 92.2 1501.3

SNT PUP POT GOT PUP P0T GUT "up POT amN? PUP FOY

1 10.3 6.6 1 6.1 6.9, 13 2.7 19. 19s I 1365 11.5

2 106 9.2 6 129 11.0 14 21.7 16.5 20 11.6 10.1

3 10.6, 9.0 9 19.6 1606 15 21.5 16.2 21 106 9.42

4 909 6.4 10 226 19.3 16 21.0 17.6 22 9.6 6.3

5 9.s3 1.9 11 23o6 20.0 17 19.5 16.6 23 9.*7 6.3

6 6.1 6.9 12 23.7 26.2 16 16.6 1462 24 10.1 6.6

3 JAN SSNS 25e LO 16w024
TRNNITRRECE IVER BEARINGS NeMILIES

12.10N - 65SE 51.50W Cool01 351.6 161.0 2400.4

ONT PUP FOY SIT PUP FOY GNT PUP POT SN? PUP POT

1 13.4 11.A 1 15.9 13.6 13 25.68 21.9 19 14.6 12.6

2 13.0 11.t 8 23.5 19.9 14 25.3 21.5 26 13.9 11.6

3 11.18 10.1 9 26.6 22.6 15 24.4 20.7 21 13.1 11.1

4 109? 9.1 10 27.3 23. 16 23.0 19gs 22 13.0 11.6

5 9.2 71 11 21.4 23s3 11 20.2 17.1 23 1300 11.6

* 9.6 6.4 12 269,6 22.6 1S 16*1 14o2 24 13.0 1161

Figure 1. Computer Print"OutoCictMUadFT
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2 JAN SSNO 254 BC 2o 16
TRANSM ITTER RECE I VER BEARINGS NNILES
515ON - 0.01W 27.92N - 15671W 212.5 22.2 1581.3
RHOMBIC 23H 96L 670EG NOISE 3 RHOMOIC 20H 114L 70OW
PoWR 30.OOKW OPERATING FREQUENCIES REQ.SINm 45DB

GNT PUP FOT 3 5 1 9 11 13 1S 20 25 30FOT
1 10.r'3 6.6

3F 2F iF iF 00 00 00 00 00 0o IF MODE
28 16 S 5 0 0 0 0 0 0 5 ANGLE

2 10.6 9 90699 99 99 0 0 0 0 0 0 99 RELIABILITY
S 10.6 9.0

3F 90 10 06 00 00 00 00 00 00 IF NODE
26 16 4 0 0 0 a 0 0 0 4 ANGLE

4 e9 6.4 90 9 0 0 0 0 0 0 0 0 99 RELIABILITY
5 9.3 1.9

SO 1F 00 00 00 00 00 00. 00 00 IF MODE
26 16 0 0 6 0 0 0 0 0 4 ANGLE

6 1o 6.10 s 9 99 0 0 0 0 0 0 0 99 RELIABILITY
v 6.1l 6.9

so so 2F IF 00 00 00 Co 00 00 if MODE
5 25 16 3 0 0 0 0 0 0 3 ANGLE

0 129 11.0 0 96 99 99 0 0 0 0 0 0 99 RELIABILITY
9 19#6 166

2E 3F 2F 9F 2F 2F IF 00 00 00 iF NODE
5 25 15 15 15 195 3 0 0 0 3 ANGLE

10 22.6 19.3 0 5 99 99 99 99 99 0 0 0 99 RELIABILITY
11 23.6 2060

2E 29 3F 9F 2F M, 1 IF 00 00 iF MODE
S 5 24 15 15 15 3 3 0 0 S ANGLE

12 23.7 20.2 0 0 ft 99 99 99 99 99 0 0 99 RELIABILITY

1326 93 29 2E 3F 2F 9F 2F If 00 00 00 IF MODE
5 5 24 15 15 15 3 0 0 0 3 ANGLE

14 21.7 16.5 0 0 69 99 99 99 99 0 0 0 99 RELIABILITY

12 3F 2F 2F 2F IF IF 00 00 60 IF MODE
5 23 14 14 14 2 2 0 0 0 2 ANGLE

16 .0 11.6 0 23 99 99 99 99 99 0 0 0 99 RELIABILITY
17 19. 16.6

3F 3F 2F 2F IF IF 00 00 00 00 IF MODE
23 23 14 14 2 2 0 0 0 0 2 ANGLE

16 14.* 14.2 44 99 99 99 99 99 0 0 0 0 99 RELIABILITY
19 13.5 11.5

3F 3F 2F If 00 00 00 00 00 00 IF PODE
23 23 142 0 0 0 0 00 2 ANGLE

20 11. 10.1 63 99 99 99 0 0 0 0 0 0 99 RELIABILITY
21 10.60 9.2

VF 2F IF 000000 00 00 0000 I F NODE
25 16 3 0 0 0 0 0 0 0 3 ANGLE

22 9.6 6.3 67 99 96 0 0 0 0 0 0 99 RELIABILITY
23 9.7 6,.3

3F V IF 00 00 00 00 00 00 00 IF No D
27 27 4 0 0 0 0 0 0 0 4 ANGLE

24 10.1 06 69 99 99 0 0 0 0 0 0 0 99 RELIABILITY

Figure Z. Computer Print-Out of Circuit MUF, FQT and Circuit Reliability
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J JAN S$Nia 25. BR 32.007
TRANSMITTER RECEVEIR SESARINGS N.KMILES
40.16N - 73693W S2.33N 64.10W 135.8 321.3 672.5

RHOMBIC 132H 116L 6.36E4 NOISE.w 3 ANT- 3DB
PWR- 20.00KW REQ.S/IN- 45083
GM? IMP FOY GM? LUP POFT 601 LUP POT CMT LUP F0T

1-. 4.1-30 464 13 -3.0 9.2 19 3. 5 10.8

2 4-3.0 4.4 6 -3.0 4.7 14 3.5 10,66 20 3. 2 9.9

3 -3.0 4*5 9 3. 466 15 4.1 11.4 21 -3.0 9.5

4 -3.s0 4.6 10 -3.0 4.2 16 4.4 11.8 22 -3.0 8.2

S -3.0 4e6 11 o-3.0 4.3 11 4.4 11.8 23 -3.0 6. 6

6 -3.S0 4.9 12 -360 6.,9 16 4.1 11.5 24 -3.0 $5

2 JAN SSNw 25. 6Gt 2.016
TRANSMITTER RECEIVER BEARINGS NMILfes

51.50M - 0.01W 21.912N - 15661W 212.5 22.2 1581.3
RHOMBIC is" 96L 6?0EG NOISES 3 RHOMBIC 20H 114L 1ODEG
PWAS 30*00KW REQsS/NA 450B
GMT LUP POT GPT LUP POT CPT LUP POT GMT LUP POT

1 -3.0 0.8 1 -3.0 6.9 13 142 19.3 19 3.2 11.5

2 -3.0 9.2 6 4.4 11.0 14 6.9 18.5 20 3.2 10.1

S -3.0 9.0 9 5.5 16.6 15 6.4 18.2 21 -3.0 9.2

4 -3.0 8.4 10 6.1 19.3 16 5.8 17.8 22 -3.0 8.3

5 -3.0 7.9 11 6.1 M0. 11 4.7 16.6 23 "3.0 8.3

6 -3.0 6.9 12 6.9 20.2 18 3.5 14.2 24 4-3.0 8.6

3 JAN SSN= 25. LO 16.024
TRANSMITTER RECEIVER BEARINGS N.MILES

12.10M S *.SOE 51.5CM 0.01W 3591.6 161.0 2400.4
RHOMBIC 20H 114 . lOSES NOISE- 3 RHOMBIC 2CM 114L TODEG
PWR- 10*00KW REQ*S/Mu 43DB
GMT LUP POT CPT LUP FO1 GMT LUP POT GMT LIJP POT

1 4.1 11.4 1 6.4 13*6 13 9.2 21.9 19 4.4 12.6

2 4.1 11.1 B 1.5 19.9 14 6.7 21.5 20 4.4 11.8

3 4*4 10.1 9 6.4 22e6 15 6.1 20.1 21 4.4 11.*1

4 4.4 9.01 10 0.9 23e2 16 6o1 19.5 22 4.4 11.0

5 4.4 1.8 11 9.5 23.3 11 5.5 17.1 23 4.4 11.0

6 4.7 6.4 12 9.5 22.6 16 4.4 14.2 24 4.4 11*1

Figure 3. Computer Print-Out of Circuit LUF and POT

d
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1 JAN1 sS 2.BR300
TRASMITERREEIVER BEARINGS NsPILES

40.79N -731.43W 326S3Ni 64.7W 3.832. 672.5
RHOMBIC 32H, iISt 63'0E6NOSEP ANTm 3DB

PwRt. 20.00ku REQ.SIN* 45085
GMT LUF POT 414T LUF F Ol GNT LUF P OT OPT LUF POT

149 74.9 i3 9.2 19 10.6

2 -3.0 4.4 a -30 401 14 3. 10.66 20 3.2 9.9

3 415 4.66 is 114.4 21 9.5

4 3.10 4.6 10 -3.0 4.2 16 4.4 11A8 22 -3.0 8.2

-5 4.6 it 4.3 17 11.6 23 666

6 -S.0 4.9 12 -3. 6.i1 4.1 11.5 2 -360 5.5

2 JAN SsNu 25. SC 2.016
TRANSMITTER RlEEIVERA BEARINGS N.PILES

516SON a- 0601W mog9N, - 15.67w 212.5 22.2 15681f3
RtHOMBIC 93H 96L 61096 NOSE 3 RHOM4IC 20H 114L. 70094

PWR- 0,0K REQ.$/N- 4505I
ONT LUF POT GMT LUP POT CAT LUoF l POT GM LUP 00T

1 86 1 6.9 13 19.3 19 11.5

2 -3 0 9 a 4.4 11.0 14 6.9 16.5 20 3.2 10.1

3 9.0 9 16o6 is 18.2 21 9.2

4 -360 8.4 10 6.1 19.3 16 S.6 17.6 22 -3.0 8.3

5 709 it 20. 11 16o6 23 8.3

6 -3.0 6.9 12 6o9 20.2 18 3.5 14.2 24 -3.0 S6

3 JAN SSNm 25. L.O 16.024
TRANSMITTER RECE IVER BEARINGS N.MILES

12olON - 8SOE 51,58N - 0.01W 351.6 16?e0 2400. At
RHOMBIC 20H 114L. 700EG NOISE- 3 RHOMBIC go" 114L 700EG

PWRs 10.00KW REQ*S/N*' 4305
CMT LUF FOT GMT LUF POT CPT LUF FOT CPT LUP POT

1 11.4 1 13.6 13 21.19 19 12.6

2 4.1 11.1 8 7.5 19,9 14 8.1 21.5 20 4s4 11.6

310.1 9 22.6 Is 20.7 21, 1101

4 4.4 9.1 10 6.o9 232 16 6.1 19.5 22 4e4 11.0

5 7.8 11 23.3 17 17.1 23 11.0

6 4o7 6.4 12 905 22.6 18 4.4 14.2 24 4.4 11.1IFigur e 4. Alternative Computer Print-Out of Circuit LUF and FOT
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2 JAN SSN- 25. CC 2.016
TRANSMITTER RECEIVER BEARINGS N..MtLES

51.SSN 0401W 2'?,2N - 15661W 212.5 22.2 issi3
RHONIC 23H 96L 61OES NO!SEx 0 RHOMBIC 20H 114L 70060

OPERATING FREQUENCIES
GAT MUF pOT 3 S 7 9 1 IS 11520 24 3FOT

3F ZF iF iF 00 00 o 00 00 0 1F MODE

2818 5 5 0 0 0 0 0 0 5 ANGLE
2 10.8 9.2 133 120 129 120 0 0 0 0 0 0 120 LOSS.,Df
3 10.6 L9.0

3F 2F iF 00 00 00 00 00 00 00 IF MOoE
26 18 4 0 0 0 0 0 0 0 4 ANGLE

4 9,9 8.4 133 121 131 0 0 0 0 0 0 0124 LOSS6,OB
0 9.3 7.9

3F 2F 00 CO 00 00 00 00 00 00 1F MODE
26 i6 0 0 0 0 0 0 0 0 4 ANGLE

6 8.1 6.9 134 122 0 0 0 0 0 0 0 01i4 LOSS..0D7 6.1 6.09
3F 3F 2F IF 0( 00 00 00 00 00 IF MODE
25 25 16 3 Q 0 0 0 0 0 3 ANGLE

8 12.9 1160 169 137 121 131 0 0 0 0 0 0 123. LOSSocOS
9 19o6 16.6

iE 3F 2F 2F 2F 2F IF 00 ,00 00 IF MOo
5 25 is 15 IS 15 3 0 0 0 3 ANGLE

10 22.8 190.3 291 166 137 122 114 111 116 0 0 0 110 LOSS.oDB
11 23.6 20o.

2 26 3F 2F 2F 2F IF IF 00 00 IF MODE
5 5 24 15 15 15 3 3 0 0 3 ANGLE

12 23. 20.2 346 23S 151 12'8 118 114 119 111 0 0 111 LOSS..08
13 22.7 19.3

2E 2E 3F 2F 2F 2F IF 00 00 00 IF MODE
S 5 24 1S 1S 15 3 0 0 0 3 ANGLE

14 21.7 180.5 332 229 149 127 118 113 120 0 0 0 114 LOSS..D8
Is 21.S 18.2

24 3F 2F 2F 2F IF IF 00 00 00 IF MODE
S 23 14 14 14 2 2 0 0 0 2 ANGLE

16 210 17.6 256 159 134 120 112 125 119 0 0 0 115 LOSS.oDS
17 19.5 16.6

3F NF 2F 2F IF IF 00 00 00 00 IF MODE
23 23 14 14 2 2 0 0 0ANGLE

19 3. 11ANG514 16.6 14.2 149 128 117 109 127 121 0 0 0 0 119 LOS$..D8
3* 19% 3F 3F 2F IF 000 0 0 0 0 QQd od oIF MODE

23 23 14 2 0 0 00 0 0 2 ANGLE
20 11.8 10.1 137 122 114 131 0 0 0 0 0 0 127 LOSS-oO8
2i 10.8 9.2

*3F 2F IF 00 00 00 00 00 00 00 IF PODE
25 16 3 0 0 0 0 0 0 0 3 ANGLE

22 9.8 8.3 135 123 136 0 0 0 0 0 0 0 129 LOSS..08
23 9.7 8.3

3F 3F IF 00 00 00 00 00 00 00 IF NODE
72 4 0 0 0 0 4 A E

24 10ol 06 134 121 132 0 0 0 0 0 0 0 124 LOSSE.
Figure 5. Computer Print-Out of Circuit MUF, FOT and System Loss
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2 JAN SSNn 25. GC 26016
TRANSMITTER RECE I VER BEARINGS N.MILES

S1.SON OL. 0IM 27.2N - 15.61W 212.5 22.2 1se63
RHOMSIC 23H 96L 6?OEG NOISiEt 0 ANT. 006
PWR* 30.00KW OPERATING FREQUENCIES FIELD STRENGTH
GT MUF FOT 3 5 7 9 11 13 15 20 25 30 FOT1 10.3 8.6

20 9F 1F iF 00 Co 00 00 00 00 IF MODE-
18 16 5 5 0 0 0 0 0 0 5 ANGLE

2 10.8 9.2 30 40 40 47 r0 0 0. 0 0 41 DBU
3 10.6 9.0

2F 2F I F 00 00 00 C0 00t 100 00 IF OE
16 18 4 0 0 0 0 0 0 0 4 ANGLE

4 9.9 6.4 29 40 40 0 0 0 0 0 0 0 44 OSU

26 2F D0 00 O0 001 CO 00 00 00 IF MODE
S 16 0 0 0 0 0 0 0 0 4 ANGLE

6 6.1 6.9 29 39 0 0 0 0 0 0 0 0 38 0BU
7 6.1 6.9

3F 2F 2F IF Co 00, 00 00 00 00 IF MODE
25 16 16 3 0 0 0 0 0 0 3 ANGLE

a 12.9 11.0 -s 24 37 39 0 0 0 0 0 0 44 DSU
9 19,8 16.8

26 so if 2 IF 2F iF 00 00 00 IF MODE
S25 IS 1s 15 15 3 0 0 0 3 ANGLE

10 22.6 1903 -11 I -g 21 35 41 4 417 0 0 O $7BU
11 23.6 20.0

28 28 3F 2F 2F 2F IF IF 00 00 IF MODE
5 S 24 IS 15 15 3 3 0 0 3 ANGLE

12 23.7 20.2 -114 -61 4 29 31 42 45 51 0 0 52 OBU
13 22.7 19.3

28 2E 3F 2F 2F 9F IF 00 00 00 1F MODE
5 5 24 IS 15 15 3 0 0 0 3 ANGLE

14 21.1 18.5 -160-55 6 30 36 43 45 0 0 0 50 DBU15 21.516.
8 3F 2F 2F 1F IF IF 00 00 00 IF MODE
5 23 14 14 14 2 2 0 0 0 2 ANGLE

18 21.0 17.8 -84 -0 25 38 43 43 47 0 0 0 50 DBU
17 1905 16.6

2F 2F ZF 2F 1F 1 00 00 00 00 IF MODE
14 14 14 14 2 2 0 0 0 0 2 ANGLE

16 14.6 14.2 16 33 42 49 43 4 0 0 0 0 46 DBU
19 13,5 11.s

20 2F 2F IF 00 00 00 00 00 00 IF MODE
5 14 14 2 -0 0 0 0 0 0 2 ANGLE

20 11& 10.1 29 36 45 41 0 0 0 0 0 0 44 .O8IU
21 10.6 902

2E ZF IF 00 00 00 00 00 00 00 IF MODE
5 18 3 0 0 0 0 0 0 0 3 ANGLE

22 9.8 6.3 29 39 37 0 0 0 0 0 0 0 42 061
23 9.7 6.3

2F 2F IF 00 00 00 00 00 00 90 IF MODE
1711 4 0 0 0 0 0 0 0 4 A3LE

24 101 6.6 29 40 39 0 0 0 0 0 0 0 4 OU

Figure 6. Computer Print-Out of Circuit MUF, FOT and Received
Field Strength

I-



2 JAN S SN 25. GC 2.0,16
TRANSMI TTER RECEIVER BEARINGS N.• ILES
516SON - 1,015 2,62N - 15.61W 212.5 22.2 1581.3

RHOMBIC 23H 96L 61OEG NOISE" 3 RHOMBIC 20H 114L ODIEG
PWR* 3r*00KW OPERATING FREQUENCIES REQ.S/N* 450R

a:M MUF POT 3 5 7 911 13 15 2025 3 OFOT
1 10.3 6.6

O Zf, if IF 00 00 0o 00 00 00 IF Moo
26 18 5 S 0 0 0 0 0 0 5 ANGLE

2 1068 9.2 59 17 72 84 0 0 0 0 0 0 64 S/N 6018
3 1066 9.0

3F 2F IF 0000 00 00 00 00 00 IF MODE
28 16 4 0 0 0 0 0 0 0 4 ANGLE

4 9.9 8.4 59 16 70 0 0 0 0 0 0 0 80 S/N,,lB
5 9.3 7.9

3F 2F 00 00 00 00 0, 00 00 00 IF MOoE
26 16 0 0 0 0 0 0 0 0 4 ANGLE

6 6.1 6.9 561 75 0 0 0 0 0 0 0 0 67 S/N..,B
1 8.1 6.9

3F 3F 2F IF 00 00 00 0 00, 00 1F MODE
251' I 6 3 0 0 0 0 0 0 3 ANGLE

6 12,0 11.0 23 60 60 13 0 0 0 0 0 0 83 SN.t 6̂ 8
9 1966 16.6

t 3F2 F 2F 2F 2F IF 000 0 00 iF MODE
5 2s is 1s i5 15 3 0 0 0 3 ANGLE

10 22.6 1963 "48 31 64 62 92 9 7 S 0 0 0 102 S/N..CB
11 23.6 20.0

2 2E 3F 2F 20 2F iF IF 00 00 iF MODE
5 5 24 15 15 15 3 3 0 0 13 ANGLE

12 23.7 20.2 -153 37 50 76 86 94 90 102 0 0 102 S/N.,OB
13 22.7 19.3

2E it SO 2F 9F 2F IF 00 00 00 IF MODE-
5 5 24 15 15 15 3 0 0 0 3 ANGLE

14 21.1 16.5 139 -31 52 77 86 95 89 o 0 0 98 S1N..O815 21.5 16.2
2E 3F 2F 2F 2f IF IF 00 00 b0 IF MODE

5 23 14 14 14 2 2 0 0 0 2 ANGLE
16 21.0 17.8 -63 36 67 64 94 63 90 0 0 0 96 S/N.D8
17 1905 16.6

3F 3F 2F 2F 1F IF 00 00 00 00 IF MODE
23 23 14 14 2 2 0 0 0 0 2 ANGLE

16 16.6 14.2 43 69 04 95 79 61 0 0 0 0 90 S/N..DB
19 13.5 11.5

3F SF 2F IF 00 00 CO 00 00 00 IF MODE
23 23 14 2 0 0 0 0 0 0 2 ANGLE

20 11.6 10.1 55 75 67 73 0 0 0 0 0 0 76 SiN..DS
21 10.6 9.2

3F 2F IF 00 00 00 Co 00 00 00 If MODE
25 16 3 0 0 0 0 0 0 0 3 ANGLE

22 9.6 6.3 57 74 65 0 0 0 0 0 0 0 74 SIN..O
23 9.T 6.3

SF SF IF 00 00 00 00 00 00 00 IF NODE
21 27 4 0 0 0 0 0 0 0 4 ANGLE

24 10.1 6 8. 6 69 0 0 0 0 0 0 0 0 SIN**D B

Figure 7. Computer Print-Out of Circuit MUF, FOT and Available

Signal-to-Noisle
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I JAN SSN* 25. BR 32.001
TRANSMITTER RECEIVER SEARINGS NOMILES

40.75N - 73.93W 32433N - 64610W 135.8 32163 672.5
RHOMBIC 32H 116L 63DEG NOISE* 3 ANT* 306

PWR- 20.0OKU RELIABILITIES REQ.S,/N* 4506
GMT MUF POT 3 5 7 9 11 13 15 20 25 30 FOT MCS
2 5.2 4.4 99 0 a 0 a o 0 0 0 0 99
S5.4 4.6 99 a 0 0 0 0 0 0 0 0 99
6 5.1 4i9 99 0 0 0 0 0 0 0 0 0 99

8 5.0 4.1 9 0 0 0 0 0 0 0 0 0 99
10 4q9 4.2 99 0 0 0 0 0 0 0 0 99
12 7.4 6.9 99 99 0 0 0 0 0 0 0 0 9

14 11.*4 10,6 0 99 g 99 0 0 0 0 '0 0 L 9
16 11.8 11.8 0 9 99 99 99 0 0 0 0 99
i 11.5 11.s 0 96 99 99 99 0 0 0 0 0 99

20 11.? 9.9 32 99) 99 99 0. 0, 0 0 0 0 99.
22 9.7 8.2 99 9999 0 0 0 0 0 0 099
24 6.5 5.5 99 40 0 0 0 0 0 0 0 99

2 JAN SSNm 25. GC 2.016
TRANSMITTER RECEIVER BEARINGS NMILES
51.50N - 0.01W 27.92N - 15.61W 212.5 22.2 1561.3

KHOMBIC 23 961 67DEG NOISEs 3 PHOOBIC 204 114L 700EG
PWR- 30.0OKW RELIABILIIIES RE*S/hNw 4508

GMT MUF FOT .3 5 7 9 11 13 15 20 25 30 FOY MCS
2 10.8 9.2 90 99 99 99 0 0 0 0 0 0 99
4 9.9 8.4 90 99 99 0 0 0C 0 0o 0 99
6 8.1 6.9 69 99 0 0 a 0 0 0 0 0 99

6 1.9 11.0 0 8 999 0 0 0 0 0 0 99
10 22.8 19.3 0 5 9999 9999 99 0 0 0 99
12 23.7 20.2 0 0 a1 99 99 99 99 99 0 0 99

14 21.7 10.5 0 0 69 99 99 99 99 0 0 0 99
16 21.0 17. 0 23 9999 9999 99 0 0 0 99
18 16.6 14.2 44 99 99 99 99 99 0 0 0 0 99

20 11.6 10.1 83 99 99 99 0 0 0 0 0 0 99
22 9.8 03 s 9 94 0 0 0 0 0 0 0 99
24 10.1 6.6 69 99 99 0 0 0 0 0 0 0 99

Figure 8. Alternative Computer Print-Out of Circuit MUF, FOT and
Circuit Reliability



2 JAN - sN 9 5.iG 2.016
TRANSMITTER RtECEIVERt eEARINGS1  NoMILIES

51.56N 0.01W 21.92N, Se 65.!:W 212.5 '22.2 158O1.3
30- -30

26 - -28

26~ -26

24- -24

22- -22

20- 0. 20

I8- 4 A. 1

,16 -16

R -. a- R
E14 * 14 E

U13- * 13 U

N 12 -12 N
C- C

10- 0-to

C 9- 90 - C

S 6- 0 al *0 a S

7- -7

_ 3

00 02 04 04 a6 10Q 12 14 14 16 20 22 00
GRO94WICHl MEAN TIME

Figure 9. Graphical Repro mentationQCictFT

IfCrui O
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2 JAN SSNw 25. GC 2.016
TRANSMITTER RECEVER P EARI NGS N. MILE S
51650v' 0.C lw 27.92N - 15.67W 212.S 22.2 1581.3

RHOMBIS| 231H 96L 67DEG NOISEa 3 RHOMIC 20 114L 100EG
POWRI 30,00Kw RECI.S/Na 45DB

3'0-  -30

28- -26

26- "26

24- -24

22- -22

20o -20
1*

17- * -17

16- -16

F 15- -15 F
R " 0 - it
e 14- 01 -i4
Q - Q g
U 13- 0 -13 U
E - 0 - E
N 12- -12 N
C - - C
y 11- "11 y

10- * -10
N - * 0 - M

C 9- oe 0 -9C
/ -O0 0 / -

S 8- * *** -85

7- • • - 7

6. • ..- .

5-- • . -56- - 6

4 . 4

3- 0 - -

00 02 04 06 08 10 12 14 16 1o 20 22 00
GREENWICH MEAN TIME

Figure 10. Graphical Representation of Circuit LUF and FOT
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DA TA FOR HIGH_ FREQUENCY C-OMMUNICATION- PREDICTIONS

Transmitter Locatio n Receiver Location Customer ici Numbe r

1.TanmterLttue(egrees -in Decimal-1 Form) North ; South = Degrees
Z. Transmx-itter Longitude (Degrees in Decimal Form) West 4; East =- Degrees
3. Receiver Latitude (Degrees in Decimal Form) Degrees
4. Receiver Longitude (Degrees in Decimial For m) Degrees
5. Power Delivered to Transmlittinig Antenna KW _

6. Trantsmtitting Antenna - Height Meters
7. - Leg Length Meters
8. m Tilt Angle Degrees
9. - Type: Rhomnbic, X/ 2 DipOle, or Vertical

10_rnmtigAntenaGain ik,_Typethrhatem_# ________

11 R Veiing Antenna - Height -MetersI
12i Leg Length Meters
13. Tilt Angle Degrees
14. -Type; Rhombic, X/ 21 Dipole, or Vertical

15. AqceiviigAntenn_a& _ai ifTpQther Than Item #14 Ds

16. _Man-Made Noisee at Receiver Input

Frequency____ Bandwidth ___ _D.8 < 1 Watt ____

17 yeo eeng __Ar ea -if #6 -i s link: n-own

Industrial Residential Rural R1em ote Unpopul ous

18.0 Reuie HUrlyMedinS~nlt-os inIc adith
19. Deailed Dsrpin of Service if #18 is Unknown

Type of Service, e.g. , Radiotelephone _________

Modulation, e.g., SSB________
Bandwidth --_ ___----__

Number of Channels________
Words Per Minuite Per Channel_________
Maximu Teletype Ero ate_________
Minim um Radiotelephone Intelgibility _________

Diver ity Employed ofSrie--- -

Transmitting Rhombic -Atenna fO-Gat

2.Enter Bearing of Receiving Rhombic Antenna if Off-Groat
Circle Path

2Z!Two Letter Code for Receiver Location

Figure 11

d
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Nines Card

0:00 tore0 4 ICOTrE11TTrrOrTUoG1bcI~ 4-0raff V o o00C V

-Month and Sunspot Card

~AI~M~Ilf~FORTRAN STATEMENTj

Month 3 ; Sunspot Number 14

Minus One CardK ~ FORTRAN STATEMENT

Frequency Complemtent Card

NUSI o ?-- --IW 1 D T 1 ii~f -- -qF 1iTr., .j

Frequencies =3. 0000, 5. 0000 . . . . 30.0000

Note: This frequency card should contain only frequencies of the high

frequency band (3.30 Mc/ s) unless fewer than ten freqilencies

are desired. In this case, enter 99L0Q00 in the unused fields

at end of compleent.

Figure l2
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Example Method Card

.tORTRAN STATEMENT
MUMSU ~ti. 'IDENTIFICATIONi o-°jj a oupooomoooou,,.,symuuoeoaooooooo 0o0oooofoooodooiiTull

1:2LII tS 2 ~lZI411I6t1 4 1 2lfM H 5U213flU3Mf U231MUX33 O 443UE 44 413DSI 12 53 I5I5651 5 ~1 C461 N1ftl QZ16341hu45771711

Example Circuit Card

FORTRAN_________________ 
IDENTIFICATION

)223643 A7851 11134151 247Ul8 1

Transmitter latitude = 46. 10 North

Transmitter longitude = 64. 80 West

Receiver latitude - 32. 30 South

Receiver longitude = 64. 80 East

Transmitter power = I kilowatt

Transmitter antenna height = 25 meters

Transmitter antenna leg length = 0

Transmitter antenna tilt angle = 0

Transmitter antenna type = -2 (vertical)

Receiver antenna height = 30 meters

Receiver antenna leg length 180 meters

Receiver antenna tilt angle = 70 degrees

Receiver antenna type = -1 (rhombic)

Required S/N = 42 decibels

Bearing of transmitting rhombic = 0 (on great circle or not rhombic type)

Bearing of receiving rhombic 0 (on great circle or not rhombic type)

Abbreviation for receiving location = BD

Figure 13

rB- 37,053
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EXAMPLE DATA DECK FOR RUN UNDER
ONE METHOD ONLY FROM CARDS

FORTRAN STATEMENT

~,~ ~3132333)333333333332s3s3))33332333333333332333333)333333333333333333 1333333

16666 66666666666666666666666S 6S66666!66666966

Figure 14

[k: 376W]
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EXAMPLE DATA DECK FOR RUN UNDER TWO ME'ITiIODS FROM CARD

p999"999999999999 '_

1538HI2,52 293-1222 1 0 :LW70-1 30180 67- 48 Tj
3 8 1 746 '32 11 647 ? 1 15 ' -2 6 96 67- 1 -2 61 11. K

I i30.. 50000 70000 90000 1 00 130WO 150000 200000 15000 3000o
1 lj 0l i
! II -l

H12 53
I I 16~0 i

i p9999M99999)999"

I 15N6f120503401 -7165 201IS -3 2596 64-1 -3 51 j

314C9 r20  1520-1202 40_£5180 67-1 36108 66-1 -4 49 102 2.5 C1,
j3401 F7165 1530 -3900 10 21201 70-1-12 -2 -3 47

30"j 50000 700.00 90000 100000 120000 150000 170000 180000O 250000
51 0

S:,if FORTRAN STATEVENT

I 1 ........... . ......
tI 5P1 5 5555555555 555~s5s|555 55555055555505 5 ': '5 '5£; :[

71177I 717777 1177 77 177 7717 2 7777777 77777 7i 7122 ;717 .7 ?)?;; .;..,. ,

Figure 15

37055
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EXAMPLE DATA DECK FOR ONE METHOD
USING CIRCUITS FROM MAGNETIC TAPE

C-a

I~~~er ~ ~ ~ ORTAN r~gfhpfss~gu~~uugu*STEMENTO]fI1OOiG(

al aai s a U. U22222 lilaIt aaaaauuauuaa2 nMUUUU2 uUU2 fuSIM2 ua2a2 altl2ll2 lSU2 laatiaa&U2lU 1111 ll2lill' I

Figure 16
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EXAMPLE:HF PREDICTION DECK TO EXECUTE UNDER IBM-7090 FORTRAN MONITOR

2:222221?222221223223 2!j222222221221??222222222222222222222222322222222222222

1:333 331134 3333133333333332333333333133333333333333333333333333333333333333333

5144444544444444444444444444444444 4444444444444444444444,4444444444444444444444444

5'5is 5SS5I I155555s55551 5 55 1 5 55555 5555

Figure 17

701i~
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VII. PROGRAM OUTPUT

The output is shown in Figures 1 through 10. The output is I
designed for 9 by 11 standard computer pape r.

A description of variables appearing in the print-outs reading

left to right:

I. Sequential circuit number appearing in the extreme upper

left is generated within the machine and is designed to be useful for

ready reference to a master list. Sample: 118

2i Month of year for which predictions are calculated.

Sample: MARCH

3. Sunspot number used in predictions. Sampe: SSN " 1,

4. Customer identification number which is generated from a

two-letter code for receiver location, bearing (receiver to transmitter),

and great circle distance of path. Sample: KD 12. 012

5. Transmitter geographic coordinates in hundredths of

degrees. Sample: 13.45N - 144. 80E

6. Receiver geographic coordinates in hundredths of degrees.

Sample: 26. 72N - 127. 80E

7. Great circle bearing of transmitter to receiver and bearing

of receiver to transmitter. Sample: 312. 4 • 1Z6. 5

8. Type of antenna used at transmitting terminal. Sample:

Rhombic 121H 39L 58 Deg.

H - height in meters

L - leg length in meters

Deg = tilt angle in degrees
9. Level of man-made noise at receiver site. Sample:

NOISE - 3

10. Type of antenna used at receiving terminal. Sample:

VERTICAL - 14H OL ODEG.
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The &14H indicates the grounded vertical is 1/4 (X). The same

analogy would apply for -12H (X/2), 41H (X), etc. A print-out without

the miInus indicates the vertical height in meters (eg. , i3H indicates

the grounded vertical is 13 meters high).

11. Great circle distance of path in nautical mtiles. Sample:

N. Miles 1243. 2

12. The effective power delivered to the transmitting antenna,

Sample: PWR 20 0!0 kw

13. The required signal-to-noise in a one-cycle band (db > 1 watt)

at receiving antenna terminals. Sample: REQ. S/N - 45 db

14i Greenwich mean time. Sample: GMT

15. Maximum Usable Frequency. Sample: MUF

16. Optimum Traffic Frequency. Sample: FOT

17. Truncated numbers representing the frequency complement

card (Figure 14). Sample 4, 6, 8 .... 23

18. Probable mode associated with least loss. Sample: 3F, 4E

and 4X. 4X "indicates propagation by E and F - region using four hops.
2

19. The theoretical angle of arrival associated with the most

probable mode of propagation. Sample: 20

20. Reliability defined as the per cent of days with the month

the available signal-to-noise will be adequate. Sample: Reliability

21. Signal-to-noise defined as the available monthly median.

Sample: S/N. . . . db

22. System loss defined as the ratio of the power delivered to

the transmitting antenna relative to that available at the receiving

antenna terminals. Transmission loss may be obtained by using

isotropic antennas. Sample: Loss . . .db

23. The Lowest Useful High Frequency defined as the lowest

frequency that will give 90% reliability at a given hour. Sample: LUF
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24. A zero appearing in the LUF column denotes a LUF greater

than the FOT.

25. A -3 i the LU" column denotes a LUJF below 3 Mc/ s.

26. A calculation in any method showing all zeros denotes a

frequency for which the calculation was not completed due to mode

limitations or the primary calculation for the desired mode exceeded

the absolute value 999.
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VIII. COMPLETE FORTRAN LISTING OF COMPUTER PROGRAM

,FOR PREVINCTING HF S YSTEM PERFORMANCE

C MUFLUFb6#oH4- PREDICTIONS :BY Do'LoLUCAS AND G.*WwHAYDON ooooeoCRPLesess
c FORMATS AND STORAGE ASSIGNMENTS

6 FORMAT(10GF7*4) 0001

*1 FORMAT(2(F'5.2,F662) o,I2,5F3.,I2,3F3.0,l2.I3,F3.O,2F4.,0,4XA2) 0002

3 FORtMAT(10X,159lOX9A69 1OX,4HSSN -F5.0.lOXA2.F7.3/9Xv 11HTR 000-3

2ANSMI TIER,13MX,8HRECEI1VER 912X,8IHBEARIUNGS,96Xo7'HN*.MILES/1X *F6*2#A1, 0004

32'H - *F7.2.A1,5X#F6*99A1,2H #F7*2#A1,3XolF6o194XtF81I) 0005
4 FORMAT (FO00 -00,06

6 FOfMAT(412) 0007

616 FORMATt12A6) 0008

7 FORMAT(IX/6X* 0009

43'HGMlt.X.3HMUF,3X.3 HFOT,3(5X.,HGMt,2X3HMUF,3X,3HF OT)/ 1H04(4Xq13, 0010

52!F661)/1H04(4X,13,2FP6.1)/1H04(4X13.2F6l)/9404(4X, 13.2F6.l)/1H04( 0011

64X.13,2'F6.1)/1H04(4X,13,2F6.1 )/1H Al) 0012

DIMENSION AMON(12)9 GLAI5),*ABI (24) ,ABIYt5924).CLCK(24),GY(5), 0013

1F25(5.24),F2H(5924),GML(5.241 ,GMH(5,24)9,MF(3),ME(2) 0014

2,ELD(1O),FPLD(10),F24(5,tGMA(5,tADJ(41,AB C(12) 0015

DIMENSION R D(5).SUN(12),A(10.7,14).RASSNE1Z).EM.F(5,24) 0016

DIMENSION O(2096094),IL(4),JL(4).,KL(4),LK(4),JAL(4) oCKC(24) 0017

1,G(,60).AB(60),S120,24),C(2O,24) ,GAMMA15.24).3A(60) 00l8

DIMENSION CLAT(S) .CLONG(5) ,EMUF!Y( S,24),FMUiFY(5,24), UlFY(5)9FOTYt5) 01
5, IG(24) 02

DIMENSION UFP(24) .FOT(24 ,P(29,1646) ABP (2,6) 0021

DIMENSION AHA12),ARA12)tAVA(2, 0022

DIMENSION X1XX(12) 0023

DIMENSION FRELa 12) 0044

COMMON A8PwP 0025

COMMON A,QGABSCGAMMABAEMUFYFMU:FYIGUFFOTSUNAVAARAGLA 0026

iTiABI ,ABlYCLCKGYF25.F2HGMLGMHMF, MEELDFLDF24,GMAADJABC, 0027

2,EMFCKCCLATCLONGA~,eKCKDKPI 2,EKEEKGL TGLG.AAAALAASAt 0028

3AFC.ANCAW;CAECASCAZZMANRSNog(WPWRIANT.IANRY2 ,X2,MO U96SN, 02

4NOCIR*K4# AXXLONGAL*YLATtXLATYLONG*YLtBTRYGCDKMGCDNMK1,K2,K 0030
53,lKSGCtDIRSNMONIDMOUSEAYMETIODAHABMONSMAP 0031

COMMON FREL 0032
COMON XNH.XNLXNDRNHRNL,;RNDHAsJIlGHARXTRXETAW ETA *IMR,$MIT 0033

REWIND 2 0034

REWIND 3 0035

909 FQRMAT~iHl) 0036
DO 101 1*1924 0037

101 IG(I)*I 0038
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C CONSTANTS TO, St USED FREQUETNTLY
AK*10.46329E-2 0039
BKuS.?2957E1 0040

CK6l.11136E2 0041

D~u.0621370042

EKU * 399560044

EEwa.6214 0045

GLT.7864AK 0046
GLd*7O.*AK 004?

11 ANONI 11.412145606060 0040

B3 AMON (9 016,2521666060 0049

*B AMON(3)6442161606060 0050

a ANON(4)*914751606060 0051

B AMON(5 )6442110606060 0052

B ANON (6 1416445606060 00535
B ANON (71 416441606060 0054

a ANIN(01u16427606060 0055

13 ANONIO)W699641606060 0056

B ANON (10) 462363606060 0057

8 ANON 1 111454665606060 0050

a ANON(12)=24252S606060 0059

1B AAA=606060606060 0060

IB AFC=266060606060 0061

B AIIA( 1606060603040 0062

a ANA(2t*243147464125 0063

* AVAI 1) 606060606525 0064
B8 AVA(21*516331232143 0065

5 ARA (1) 606060606051 0066

a ARA(21u304644223123 0067

a AZZ*.006060606060 0"
B ANC=456060606060 0049

B AWC=666069606060 0070

B AEC=256060606060 0071

B ASC*626960606060 0072

B FNI~u11111111110073

SUNMP 21*i 0074

SUN(21-1$9 0075

SJN(3*-03.0076

SUN(449090 00??
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SUN,(S)*18* 0076
SUN(61-9to 0009

SUN( 7) *216 00810

SUN(8)*l4o 0081

SUN(0)M04* 00682

SUNOO1)* Odo 0083-

SUNE 11)6-14. 0084

SUN(12) u-23* 00es

ADJ( 1)6* 0086

ADJ(2)617* 087

ADJ( 3)*Z0* 08

ADJ(4)mZ6. 00891

CREAD CIRCUIT DATA AND SEARCH DATA TAPE

WRITE OUTPUT TAPE 6,090 0090

464 READ INPUT TAPE 5.5, 0091

I METNOD*METH9IHRMAP 0092

READ INPUT TAPE Sw69(fRELEI)oI-1.10) 0003
NI~ul0094

IF (METHOD) 463,12,463 6099,

12 REWIND 2 0096

WRITE OUTPUT TAPE 69009 0097

REWIND, 3 0098

CALL EXIT 0099

463 L1*2 0100

G0 TO (30.30930,30.31*30)9METIOD 0101

30O Lisl 0102

31 NOCIR- 0 0103

MONTHwD 0104
IFIMETH) 7770,7771,7770 0105

7770 READ INPUT TAPE 69676*XIXX 0106

WRITE OUTPUT TAPE 396769XIXX 01071

IF(FNINE-XIXX()) 7770,7771,7770 0108

7771 REWIND 3 0109
85 READ INPUT TAPE Sol# 0119

1 X1XY1-Y9X2XY2YMONSPSUNt4STWRXNHQXNLQXNDO, ITANT,RNHOR4 011
1LOPRNDOIRANTMANNRRSNX;ETAWETA, HAO 0112

10 X1'X1X 0113

Y 1 wY 1Y 0114

X2*X2X 0115

Y2uY2Y 0116
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,IANT aITANT Oil?

IANRvtIRANT oi1s

MANuMANN,01

RSNzRSN 0120

IR'SNORSN 0121

PWR.TWR 0122

XNHzXNHO 0123

XNL-XNLO 0124

XNDvUXNDO 012.5

RNN*Rt*4O 0126

ANL.RNLO 012

ANDARNDO 0128

HAzMAO 0199

IFIMONS) 464,11,82 01310

82 LOCKA MONS-MONTH-i 0131

SSM&SUNS 01352

MONTH&MONS Ol133

MOUSE-MONS 0:134

KZ* 1 0135

READ INPUT tAPe3,jX1XY1YX2XV2YMONSS-UN'STWRo,NHOXN'LO,NDO 0136

1ItANTRtNHO, RILO, RMDQIRANtMAMNNRSNoXETAWEA,AO 0137

GO TO 10 0138

11 60 TO (159,77)9;KZ 009

15 NOCIR*0 0140

WRITE OUTPUT TAPE 6,909 0141

62 JIG4O 0142

MITal 0,143

KZ*2 0144

IF(LOCK) 77,71.393 0145

33 D0730 IUzILOCK 0146

730 READ TAPE 2 0147

731 READ TAPE 2,ILJLKLLKJALwQAPA8P 0148

77 READ INPUT TAPE3,1,XlXYlYX2XY2YMQNSSUNSTWRXN4OXNLO*,NDO 0149

11TANTRNM0,RNLORNDOIRANT,MANN, RRSN,ETA, WETAHAO 0150

IF(919-XIX) 78,8,16 0151

78 REWIND 3 0152

READ INPUT TAPE 5o1t 0153

1 X1XY1YX2XY2YMONSSUNSTWRXNHQXNLOXND0OITANT,RNHQRN 0154

1LO.RNOQ, IRANTMANNRRSNXETAWETA,HAO 015

IFIMONS) 83,16983 05

-- 015



-51-

83 IFUMONS MONTH) 64916916 0157

84 REWIND 2 15

MONTHmQ 15

16 SSPxlSUN('MOUSE)*A!K 0 160

BMONSAMON I MOUSE) 016 1

NOCIR*NOCIA+1 01,62

JEP-i 0164

c GREAT CIRCLE DISTANCE AND DISTANCE TO CONTROL POINTS

xxluxl*AK 0165

xxgux2*AK 0166

YY1mYl*AK 016?

YY2*Yg*AK 0168

GCD SINFIXX1)*SINF(XX2)*COSF(XX1 )*COSF(XXZ)*CO)SFEYY2~yy1) 0169

GC~xACOSF ( GC) 0,170

RDl 1)mGC6/2* 0171

RD(2 )alB.K 0172

AD(3)GCD-189*AK 01-3

RD(4)96*AK 0174

RD(5)uGCD 9.*AK 0175

GCDKM*GCD*CK*BK 0176

GCDMuGCOKM*tK 0177

C BEARINGSS-- FORWARD AND BACKWARD

DF=YY2-YY1 0178

IP(ABSP(OF)-36141592654) 26922.22 0179

22 IF(DF) 24,25,25 01810

24 DFz6oM81853,08+DF 0181

GO TO 26 0182

25 DF*-6*283185308+DF 01183

26 Uzo5*(P12-XXI+PI2ZXX2+GCD) 0164

CtNDwSINF(U)*SINlF(U-P12+XX1) 0185

IF(CIND) 27,28,27 0186

27 BTRYU114.S8016*ATANF(SQRTF(ABSF(SINFIV PI2+XX2)*SINF(U GCD))/C-IND)I 0187

IFIDF) 7029921939 0186

21 MFXX1 XX2) 2,399319 0189

28 LBTRY*ISO. 0190

GO TO 39 0191

7929 BTRY=360.-BTRY 0192

39 RFaYY1 YY2 0193

IFABSF(RF)-3*141592654) 126,122,122 0194
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122 !'P(R!Fi 124912159125 0195
124 RPu6*2'831'83308.RF 0196

GO TO 126 0197

125 Rfs-6*283183308+RIF 0198
126 Ua.5*CPI2-XX2+,I2-XXl+GCDD 0199

CINDmSINF(U),*SIN'F (UPI +,2) 0200

MOECND) 579718967 0201

57 Xu1451*ANIQTABFIpuPI+x)SpuGD),ID 0202
Ilt(RF) 8029951079 0203

51 IF(XX2-XX1)78,9,79 0204

77a XTRa18Om. 02,05

GO TO 79 0206
8029 XR a360. XTR 0207

79 IP(4O0O.-GCDKM) 40941941 0206

40 Kimi 0209

K202 01

K3,=3 0211

K464 0,212
K565 0213

GO TO 43 0214

41 Kimi 0215
K2.1 0216

K30 1 0217

K43 1 0218

KSP1 0,219

C CONTROL POINT LOCAL TIME *GEOGRAPHIC LATITUDE AND LONGITUDE

43 DO 61 ITxL1,249L1 0220

GMT a IT 0221
COLO*GMT-Y2/ 15. 0222

IF(24*-COLO) 94995995 0223

94 COLOuCOLO-249 0224
GO TO 96 0225

95 IF(COLOI 98.98,96 0226

98 COLO*C0LO*24* 0227

96 CKC(II=COLO 028
$SL ( 15o*GMT-180*) 02

DO 61 IIaKloKS 03
PPPRD( II) 0231

CENLATWCOS FfPP)*C9SFfP12 XX2)+SINF(PP) 0232
1*51 N~(P1 2-XX2 )*COSF (BTRY*AK) 0233



CENLAT a(112-ACOSF (CENLA T) I *B 023.

CEINLG* I ( COS I PP C0SF (112 XX2l COSF IP12-CENLAT*AK) I/I SUIFP 0i ' 235

I X2*SINFIP2CENLATOAKl f 023,6

IFIABSF(CENLGI-16l 10010300193000 0237

3000 CE'NGu1. a0238

S001 CENLG*ACOSf ICENLG) 0939

CENLGa(YY2-SIGNF(CEN'LG,DFI 1*8K 0240

IF(160*-ABSF(CENLGI) 1,960069 0241

71 IFICENLG) 73912972 0242

i3 CENL6*36O.4CENLG 0243

GO TO 69 0244

72 CENLGACENLG-3606 6246

C GEOMAGNETIC LOCATION OF CONTROL POINTS

69 GATEACOSF(SINFGdLT ,*SINFICENLAt*kK)COSFGLtlCOSF(CENLAt*AK)* 0246
1COSLP(CENLG*AK-6LGll 0247

GLATIM01P2-GAT 0248

CLATI I )CENLAT 0249

70 CLONG(I I )CENLG 0250o

c SUNS ZENITHM ANGLE

l*(SSL-CENLG)*AK 0251

56 CYCEN-SINFICENLAt*AKI*SINiFISSPICOSFI(CENLAT*AK)*COSF(SS)COSFI 0252

CYCEN=ACOS I CYCEN) 0253

CYCENWABSF ICYCEN) 0254

C ABSORPTION INDEX I, AT CONTROL POINTS

32 IP(102**AK-CYCEN) 58,58,59 0255

SO ABIY(II9IT)u0* 0256

GO TO 886 0257

59 ABIYIIIIT)a(1.,.0037*SSN3*COS F(.881I*CYCEN)**193 0250

086 GO TO I165o.166)oK2 0259

165 ABlE IT)*ABIYI Ii ,T) 0260

GO TO 61 0261

166 ABII IT)u(ABIY(1,IT).ABIY(2,IT)+ABIYI3,1T1 /3o 0262

61 CONTINUE 0263

DO 2112 IJULK1,K5 0264

DO 2112 ITPL1,24*L1 0265

ABlCuABIY( II .17) 0266

C E"LAYER DISTANCE FACTOR

ARCPDK*GCDKM 0267

IF(16*-ARC) 88,87,87 0260

07 ELFCUI I II I I4.368460907E-9*ARC,1.334494261E 7)*ARC-5.976618436E 6) 0269



2*1332001756E-2 ) *ARC+090O85 0271
6O TO 100 0272

86 ELFC619O2 027-3

c E-2006 CONTROL POINT MUF
100 ENtuE C 10.66484998*ABIC+39.2,61510'56,)*AB IC-52.411917,54)*ABIC,37.L67 0274

1726072) *AGIC+3.34S996212 0215

EMFE IIIT)mE'MC 0276

2,112 EMUPYE I I I T) xfMC*ELFC 0277

c GENERAE CONTROL POINT FOF2 AND M-3000 FACTORS

Do 1112 11uK2,K3 01

504 CENLtuCLONG( 11) 0279

CENLAT-CLAT(11 0280:

IP(CENLG) 412.4140414 0211
414 CL6636,06-CENLG 0262

60 TO 413 62'83

412 CL62AESF (CENLG) 02964

41S BOYsSINF(CLG*AK) 0r,2685

COGuSINFE 2**CLG*AK) 026

DOG-mCOSF (2 .CLG*AK) 026S7I
60OB.COSFICENLAT*AK) 026

BOGu'SINF(CENLAT*AK) 0269

DO 500 l~ul,4 0291

415 I*ILCIO) 0292

J,*JL( 10) 0 293

KuKL(IO) 0294

LuLK(IO) 0295
JAuJALE 10) 09

DO 406 kA-1.K 
0297

KPOKA-1 0298
406 G(KA)*69G**KP 0299

LA=O 00oo
LO*L-1 0301

KKLBK+l- 0302

DO 409 KA=KK9LQ,2 0303

GE KA ) BG**LA*GOB*HOG 004F

61 KA.1 ) BQG**LA*GQB*B0v 0305

409 LA*LA+1 0306

LB5*0 0307
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LL*L4103,08

DO 410 KA-LL 9IM, 2 0310

G(KA 3uBfOG**LB.G0fB**2*DOG 0311
GUIKA+1 3uBOG**L8*GOB3**,2*COG 03129

410 LB-LB.1 0-313

DO 411 Jg~ol*J 0314
A811JB)iO AD1

I~u2JB~10316

DO 411 KA*19I 0317

411 ABIJB)uA8 (JB)4.Q1j5,KA.IO3)*GIKA) 0318

DO 407 JBa62*J 0310

BA,(JO)m .0 020

I Su2JB~20321

DO 407 *KAx1,I 032

407 BA(JB)iBOAIJB).0)IIS.KA,103e6(KAI 0323

DO,500 lt=;L1.249Li 0324

503 WNait 0115-
CLOC.GM-CENG/ 5 *032'6

IF(249-CLOCK3 64o65965 0327

64 CLOCK-CLOCK-24* 0318
GO TO 66 0329

65 IF(CLOCK) 68.,68.66 0330
66 CLOCKwCLOCK,24. 0331

66 CLCK(IT)wCLOCK 0332

TIMEntl5.*CLOCK-180*10AK 0333
10O 996 JlBmP2J 0334

F~uJB-10335
S(JB#JT)*SINF(FB*TIME) 0336

990 CIJB*IT)*COSF(FB*TIME) 0337
GAMNAlIO#IT)aABEj) 033
DO 500 J1312tJ 033'9

500 GAMMA(IOITIUGA1MAI 10.IT)4AB(JB3*C(JB*IT).BA(JB3*St JB.T) 03 40
C F2-REGION GYRO-FREQUENCY

132 CALL POLYI1.7,7.CENL6A/180.,CENLAT/90.,YI 0341

GYROPY/29 0342
GY(II)uY 0343

C F2-LAYER CONTROL POINT F2-4000 MUF

DO 1112 IT*L1.249Ll 0344
F2L$aGAM-MA(1 ,IT)*GAMMAI3, IT)*l.1 0345
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F95( I I .IT) wF2,LS 03,46

:12~,AM(2.T*AM(0t*6 0347

F 9H ( II.I 1T ) 02His 0348

CF2-LAYEA DISTANCE FACTOR

If(246-ARC 157#1579,58 0i49)

157 FLFCzle 0350

GO to 159 05

156 FLFCu( ( M (- 6.e71654756E-9*ARC,4.491-51441E 7) *ARC-t)98583 l-0 4e-6)* 0 332

159 GAMMA ( 1 oI T) *GAMMA 11.I1T )+GYRO 0355

GAMMA129IT)=-GAMMA(2,IT )+GYRO 03-56

FMLSuGAMMA(1,IT).FLFC*(F2LS-GAMMA(1.tit035

GMLUIIT~uGAMMA1.#IT)05

FMHS.GAMMA(2,1T)+FLFC'(F2HS-GAMMA(2,IT)) 0369
GMH( II IT)zGAMMA(i291Tj 0360

C Fg2LAYER CONTROL POINT MUf

PMUFY4 I 19 T)=(FMLS*(18O.6-SSN)4PMHS*fSSN-10., /106 0361

1112 CONTINUE 0362

C CIRCUIT MUF AND FOT

DO 1012 IT=Ll,24,L1 0363

GMTzIT 0364

DO 1000 1K29iK3 0365

UF(K2-1 602,603,602 0366

603 M~al 0367

60 TO 604 0368

602 IR*II+2 0369

604 IF(EMUFYIIRvIT)-FMUFY(lIITU) 1007.1007,1008 0370

1007 UFY(I)*uF'MUFY(II,IT) 0371
GO TO 1009 037

1000 VFY(II)PEMUFY(IR9IT) 0373

1009 FOTFY*.8,5*FMUFY( IIIT) 0374

lFUlEMUFYI IRIT)-FOTFYn) 1010,1011,1011 037

1010 FOTY(1II *FOTFY 076

GO TO 1000 0377

1011 FOTY(II3PEMUFYUlRITI 074

1000 CONTINUE W379

I 1aK2 080
IF41-11) 606,605,606 0381,

605 UFIIT)*UPYII) 0382
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FOTI IT)uFOTY(1)

GO TO 1012 038'4

606 IF ( UIFY(2)- UFY(3) 607,607,60,8 0166

607 UF ( IT)supY (2) 0386

GO0 TO 604 0387l

608 UFIt ) lUF'(3) 08

609 IF (F0TY(2)4F0TY(3)) 610,610,611. 01389

610 Pot ( 1T) oty (2) 0-390

GO TO 1012 0391

611 FOT(IT)*FOTYt3) 0-392

1012 COldTINUI 0393

lRYwBTRY/loo 03594

TRYtiRY 03,95

HARmTRY+oO.0 *6CDI4M 0396

XLATsAB3SFfXli 0397

XLONGwA1BSF I Y 1) 03,98

YLATUAIBSF(XZ 3 0-399

Y LONG aASSF ( Y 2 0400

AXxANC 0401

IFIi) 700,7019701 04-02

700 AXXASC 0403

701 AL*AWC 0404

IFIYl) 702,039703 040'5

702 AL*A6C 0406

703 AYMANC 0407

IF(X2) 704,7059,05 0408

704 AYxASC 0409

705 YLuAVC 0410

!FIY2) 706*2221,2221 0411

706 YLvA-EC 0412

2221 GO TO (222392224,2224922Z4,222492224),:METHOD 0413

2223 IFIMAP) 3223,32233224 0414

3224 CALL CURVYIFOT*UF) 0415

GO TO 10 0416

3223 WRITE OUTPUT TAPE 6,3,NQC!RBMONSSSNHAHARXLATAXXL'4GAL, 0417

lYLAT ,AYYLO#GYLXTRBTRYGCDNM 0418

WRITE OUTPUT TAPE 6,7s 0419

1 (l16(1 ).UFII ),FQTII)91G( +6),UF(I+6),P0T(1+6),IG( 1+12), 042:0

2 VF(I+12),VQT(1+12),IGI1e16),U F(1+18),FOTII+18),I*1,6),AAA 0421

IFI3-MIT) 969,969,970 0,422



a 5+8 -

969 WRITE OUTPUT TAPE 6,909 0423

MiTal 0424

GO TO 10 0425

970 MITuMIT+1 0426

GO TO 10 0427

2224 CALL LUFFY 0428

GO TO 1O 0429

'END 0430
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SUBROUTINE 'LUFFY 0,001

C FORMATS AND STORAGE A.SSIGNMENTS

DIMENSION FDEKl1OhtEDEK(10) 0002

DIMENSION AMON(i?). GLAT(5.#ABI (24),ABIY(5,24,),CLCK(24),GY(S). 0003

1F2SI 624) 9FH(St4) qGMLl 5924) vGMH159241,MP(ILI ME(Z) OLELLI 10).FLL(IO 0:004

2) ,E LDI10.EtD EL1l0,.FLDIO),FDEL( 1O).F24(5) .GMA(S) ,FLF(10) .FSKY( 10) 0005

3 iESKY111 OGE 1o) iGF 0 ) 9F SE I 0YF Sf d10 1 OS 111),FXMT ( 10 E-XMY ( 1O) 6 006

4FACR I10 1 9fRCR ( 10 1ADJ44) .ABC (12 ,MODE112~ 0 007

DIMENSION Q (209,0,43,!I4) ,JL(43 ,KL(4),LK14)jAL(,4) oCKC(24) 01008

l,G(60),AB(60).S(210,24, ,C(2;O,243 .GAMM4A(5,24),BAE6O0) 0009

,DIMENSION RD0(5),SUN(,12,.A(10,7,14,,RkASsNi1Z),EMF(5,24) 0010
DIMEN'SION CLAY(5).CLONG(5) ,EMUFPY(5,24) ,F'MU Y(5,24), UfY(5ShFoty(sl 0011

5916424) 0012

DIMENSION UF(24'dFOT(24),F:F(24), P(2'916,63,ABP(2,6) 0013

DIMENSION AHA(2 ,ARA(2),AVA(2),RANTI2, .TANt(2) 0014

DIMENSIONNXLOSE 11)9.NANGLE( 11) 0016

DIMENSION TOPW4 00,16

DIMENSION IFR(OO) 0017

DIMENSION FREL0l?) 0018

COMM4ON ABP9P 0019

COMM4ON AQG,9AB.SCGAMMABAEMUFYFMUFY, IGUFFOTSUN.AVAARAGLA 0020

1T.AbI .AbIYCLCK, GY,F2S,F2!HGMLGoMF.MEEL.FLDF24..GMAADJ.AB~C, 0021

2EMFCKCCLiATCLONGAIoOsKCK,'DKPI2,EKEEKoGLTGLG.AAAALAASA. 0022

3AFCANCAWCAECASCAZZ.M:AN.RSNKWPWR, JANT9, ARy2,X2.MOUSESSN, 0023

4NOCIR9K4, AXXLONGALYLATXLATefLONGYLBTRY .GCDKI4,GCDNM.K1,K2,K 0024

53,K5.GC:D.IRSNMONID,MOUS EAY,M:EtHO,AHABMONS. MAP 0025

COMMON FREL 0026

COMMON XNN.XNL.XND.,RNHN,RNLRNOHAJIGHARXTRXETAW;ETA, IHR.MIT 0027

COMM4ON KAPKUP, MATANTINNINLIND.RANT.JN~.JNLJND 0028

2 FORMAT(2X,2A6.1X,13,1HH*lX,13,I1HL*lXI393HDEG.12X,6HNOISEUI3,12X,4 0029

1NANTP1I392HD08) 0030

1 FORMAT(2'X.2A6,1X, 13.1HH,1X~j3,1HL,1X,13,3;HDEG,4X,6HNOISESI3,2A6.lX 001

8'0 FRMATE6X94MPWRuF6.2;214KMollX,21HOPERATING FREQUENCIES*9Xq14HFIELD 0033

FORMATE1OXtI59l0X9A6, 1OX94HSSNwFS.Q,1O:XA2F7*3/9X, -1TR 0035

2ANSMITTER,13X.SHR ECEIVER,12XBHBEARINGS,6X,7HN.MIlE$/7X tF6.,A19 0036

32H ~ ~ ~ * A F72A.XF.A12H - 'F7.29A1,3X*2f6*194XVFS*1) 0037

4 FORMAT(6X94MANTaI3.2HD,13X6H.N0ISEZI3,TX92A6.1X, 13.iHIX13I3.HL 0038

11Xo1393HDEG 0039
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9 FORMA.T(4X,1l3,2 F6l/2'OX,11l(l3Ali6:H MODIE/20:X91114,7H, ANGLE/4Xt 00,40

113s2F6ol11xillj4#lSH RELIABILITY) 0,041

12 PORMAT(1X.A2,F7.i3,I5,2F10.i2) 0,042

13 FORtMAT,(6X,4HANTuli3,HDB,20 X,6HNOI1,S E-=I32,OX,4HAN Thl3,ZHD) 00,43

14 P0RMAT(6X,4Hp.WR=F692,2HKWellIX,21'HOpERATING FR[EQUENCIES41OX9,HREQ.S 0044

1/N*139ZH$0/5X,14HGMT MUIF FOT9lX,1014,4H POT) 004S

29 F0RMAT(4XI3,2[F6.l/20OX.11(J3,A1),6 H MODE/ZOX9,l1497H ANGLE/4,Xt 01046

213*2F6e1vlX#I111499H, S/N..D) 0047

34 FORNMATi6X,4HPW~luF6,214KW,16X,13l-IRLIALITIS,13X.B$HReO.S/NuIi3,2H 00481

IDB3/9X14NGMT :MUF POT91X0l0!4,9H FOT *I4S 0040

7 FORMAT (6X9 0050

4314Mt.2X,3HLUF,3X.3HFOT,3(5X,3 HGMtZX,31ILUF,3X,3lHFOT,)/ 1H04(4xt3, 0051

692P661)/lH04(4X#1,2F661)/1H0444X, 13.2P661)/I1HO4(4X,13#,F6,l)/1,H041 0052

64X,13,2F6.l)/j HO4(4X,13,2F61)/lHI Al) 0053

8 FORMAT(31X921HOPERATING PREOUENVjES/5X914HOMT MUF FOTt1Xt1014i. 0054

14H Pot) 0o55

190 F'ORMAT(4X,13,2'F6./20X,11113,Al,)s6HM ODE/20X91114,7M ANGLE/4Xq 0056

21392F6.,1oX91114,1OH L09S..DBI 0,057

50 FORMAT(4X,13,2 F6.1/20X.1l(I3,Al),6,H MODE/2OX,1114,7N ANGLE/4Xq 0658

2I392F6*lv1X.11149SH DBU) 0059

24 FORMAT(6X,4HPWRuF6.2,2MHKW.42X,8 HR!EQ.S/Nili,2NDB() 0060

70 FORtMATI 6X.3NGMT,2X.3HLUF.3X.3HFOT.3( 5X,3HGMT,2X,3HLUF93X .3HFOT )/1 0061

IH0414X.13.6X.F6.1 )/1H04(4X.!3.2 F6. )/1H04(4X,13,6XF6.i )/1H04(4X.I 0062

23,2F6.1)/1H0414X.13.6XF6.1)/1H04(4X,13,2:F6.l)/IH Al) 0063

94 FORMAT(SX,1392f6*l,1X,1114) 0064

907 FORMAT( 1HO/1HO/lHO) 0065

908 FORMAT(1H ) 0066

909 FORMATUINI) 0067

FRELI 11=*500. 0066

FRELE12)@500. 0069

00O 6461 lAzitlO 0070

64641 1FR (ImaFREL II A) 0,071

C BEARINGS OF RMOMBICS

IF(XETA) 1320.1320.1321 0072

1321 XETAPABSF(WEA-XTR) 0073
MFXETA-180.) 13210o13209211 0074

211 XETAP36O.=XETA 0075

1320 IFIVETA) 1323f!32391324 0076

1324 WETA@ABSP(WETA-BTRY) 0077

IF(WETA"iSO.) 1323.1)33210 0076



611

210 WETA*360*-WETA 0'079

13293 XQ.00 1 00810

R~ool i 001

XPu4. 00862

R084, 0081

IN~mXNH 0084

I NL*XNL 00,85

!NDAXND 0,046

AtH-RAM~ 0087

JNLAuANL 0088

JN~u'RND 0089

NIG=0 00910

JJIG46+1 0091

MAuXABSF (MAN) 0092

Ic CONSTANTS TO BE U.SED FREQUENTLY

TOP( 1)N20e 0093

TOP( 21.220. 0094

TOP4 11-25. 0095

TOP4)u23.5 O096

Rt~k6316*6 0097

K IP*l 00,98

IF(MAPI 66119561295613 0099

5612 WRITE OUTPUT TAPE 6.3. 0100

1 NOCIR,8SMONS,*SSNNAHARX LAT ,AXXLONGALY'LATAYYLONGYL, 0101

2XTR ,BTRY .GCDNN 0102

5613 FK6699057 0103

.ZPal 0104

LIPal 0105

MIP*2 0106

IF(IRI 8400.8400,3219 0107

8400 GO TO (321993219,3220,3221,329,932191,METiOD 0108

3220 MIPul 0109

4O TO 3219 0110

3221 MAP0 01111

3219 DO 3214 ITzMIP924tMIP 0112

FRELI11 1-FOTI ITI 0113

JUGzO 0114

KATlI 0115

DO 25 1 1 Ju1911 016

NANGLEE I)a0 0117



62

MODE,( 1IJ) FO 01
241 ABC(I J) uAZZ 01

FREQFPREL ( 1) 01210

DFREQ-3a 0121

NF i 1 ;0122

C F2 RIEGION LAYER HEIGHTS

FLOO.6 0123

DO 926 IuKltK3 0124

CALL POY277CC(T/0-~.LTI)9..)0125

926 FLzFL.Y 0126

RKwK1 0127

FLAPL/RK*1 00. 01268

6O TO (9216928)9K2 0129

it MODE CHOOSING F! AND E LAYER

926 ME(!)*GC-DKM/900.+o9 0110

ME 12 )zME( 11 )4. 0131s

MF(l1)*GCDKM/4000o.o8 0132

MF( )aMr( 1)+1 0133

MF(!)*MF(2)+1 0134

GO TO 929 035

927 ME1)*1 0136

ME12 )2o 0137

MP( 1)u1 0138

MP(2 )2 0139

MF(3 .3 0140

C RADIATION ANGLE -- E-LAYER MODES

929 DO 930 IK*i,2 0141

IMmMEfIK) 0142

PIME(I K) 0143

ElLDIIM)uGCDKM/PI 0144

EDELIIM)uATANI(fCOSF(GCD/(2.*Pl))-RO/(RO,110.,)/SINF(GCD/(2*PI,), 0145

1*8K 0146

IF(EDEL(IM)) 10329930*930 0147

1032 DO 1033 11*1,2 0146

1033 MEtIJ)xME(II1)+l 0149

GO TO 929 0150

930 CONTINUE 0151

C RADIATION ANGLE-- P2-LAYER MODES

1934 DO 931 Ik*193 0152
IM*MF( K) 0153
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,pIz lM 0154

FLD ( I M) GCDKM'PI 1 0155

FDEL( IM)wA TAWNIf(COS (GCD/ (2*P I -RO/ RO+F L )/S 1-0 (GCD/(Q *P 1), 0156

10K 015

1F(PDEL(IMI) 932.931*931 01l58

932 DO 1933 11*193 0:159

* 193 MFlIl)zMFC11D+i 0160

GO TO 1954 0O1,61

931' cowNUE 0162
GO TO(933,934),K2 0163

C PENETRATION FREQUENCIES E 'RIEGION

934 DZuE:MF(4*1T) 0164

DYzEMF (5 ,IT) 0165

IF(DZ-DY) 940,940,941 0166

940 ZRxDZ 0167

12v92 0168

zsUDtY 0169

GO TO 939 017:0

941 ZRUDY 0171

12=3 0172

ZSmDZ 0173

GO To 939 0174

933 ZRwEMFf1,1T) 0175

ZS=;ZR 0176

939 !DO 1663 11=1,10 0177

ELL(11I)0.o 0178

1663 FLL(11)z0. 0179

DO 827 11=1,2 0180

IM=ME( 11) 0181

ERCR( 1M)g0. 0182

EXMT( IM)*O. 0183

c MODE ELMINATION E AND F2 REGIONS

*ARZgELD(IM)*DK 0184

IF(16*-ARZ) 2900,29 00,2901 01815

2900 ELFKr1*02 08

GO TO 2902 0187

2901I ELFK=;( I I((-49368460907E-9*ARZ+1,33449'.261E-7)*ARZ-5.976618436E-6) 0188

2. 13320,07S6iE-2 )*ARZ+*2O85 0190Q
2902 Y=ZR*ELFK+*05 0191
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UIY-FREQ) 328,328,8:21 0192

328 ELLa IN0u1000o 019

627 CONTI NUE 019()4

D0 227 !!*1,3 0195

I'MaM (II)0196

FACR A Im 0. 0197

PollT( imuO 0 018

AR 1 A 'O. 9 P12- F 0E'L I 1M AK-S UN F(RO* S INRF(P12+FDE-L(IM) *AK (AR0+ iO. 0199

1)) *DK '0200

If(16.-ARZ) 290392903,2904 0201

2903 ELPKa1.,02 02,02

d0 TO 2905 02103

9004 ELFKuU(( (-~4.6846007E-9*ARZ+1.,334494261E-7)*AtZ-5.,976618436E-6) 0204

1*ARZ+262480835E4)*ARZ.0O3476266t3*AZ3,761385053Et~2)*ARZ1i- 0205

2 o133200756E-2) *ARZ,.20,66 02:06

200 YMELFK*ZS,.05 0207

IfIY-FRIEQI 227,227,228 0208

226 FLL(IM)*10006 0209

227 CONTINUE 0210

DO 946 IluK29K3 0211

F24II( 1 25( I i *iT) i(180.-SSN, +F2HI I 19 I)*SSN- 10.e) /10* 0212

946 GMA(1I).(GML(IIIt)(80-SSN)eGMH( iIIT)*(SSN-10.flhl7O.0 0,213

Slu(FREQC-GMA(K2) )/(F24(K2)-GNA(.2)) 0214

S2u(FREQGMAIK3) )/(F24(K3) GMA(K31) 0215
IFIS1-S2) 947,947,948 0216

947 R*S2 0217

G0 TO 949 0218

948 RaS1 0219

949 DO 945 IK*193 0220

IM*MF(I K) 0221

!F(FLLIIM)) 5089508,945 092

506 ARKPFLD(IM)*DK 022

FLF( IMI=IIII -*16456-*R+94114E7)AR *8531)E I a024

16)4ARK+6e865259817E-5)*ARK+9.202437332E=51*ARK42.264634341E-3)*ARK 0225

2+4*6992431019-3)*ARIK 0226

MFFLFIIM)-R) 950,945,945 0227

950 FLLIIM)*1000. 0228

945 CONTINUE 0229

GYRPI6YIK2)+GYtK3 3/2. 023

G0 TQ (17409919)9KIP 0231
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' MAJOR LAND BODIES
1140 WLO.~ 0232

DO 826 IIx~lvK1 0233
If (CLONG1111) 1102,110291701 0234

1701 ClGz!60e-CLONGC I-I) 0235s
Go to 1103 0236

1702 oZ:~FCONI) 237
1703 CALL NOISYf6,X29CZGty) 0238
826 WLD2WLD+Y 6219

WO*'WLD /RK 0240
9119 IFUWD) 95319954,954 0241
953 ek*8O. 0242

SIGMAw5* 0243
GO to 955 0244

954 ER=4, 0245
SIGMA.9001 0246

C E LAYER MODES

C GROUND LOSS REFLECTION FACTORS AND LOSS

955 DO 726 I1=1.2 0247
imatME( II) 0248
IF(ELLG M)WO90,6009726 0249

600 RS*IM-1 0250
CALL LOSS(EDEL(IM),ER, FRE0OSIGMA,Y) 0251
GEE IM)BASSF(Y*RS) 02152
RIzIM 0253

C SKYWAVE ABSORPTION

ESKY(IM3a615e5*RI*A5Jl( T2/(COSF(ASINF(RO*SINF(PI2.EDE L(IM)*AK)/IRO 0254
i1iOO. I )*IFREQ+1.12*GYR)**1.,8, 0255
RS'IM 0256

C ANGLE AT IONOSPHERE

PHEURO*SINF(P12,EDEL( IM)AK)/RO.11o.) 0257
C FREE SPACE LOSS

ZORR GCD/(2.*R$) 02:58
FR. (20*RS*SINF(ZOR)*R0,PHE)*EEK 09159
FSE( IM.c36e5;8+200*LOG1OF(FR)+20

6 *LOG1OF(FR EQ) 0260
726 CONTINUE 0261
C F2-LAYER MODES

C GROUND LOSS REFLECTION FACTORS AND LOSS
DO 626 1141,3 0262
IMzMF( II) 0263
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IFIFLL(IM) 601.6,01o626 0,264

601 Rsu!N-1 0,265

CALL LOSS( F660 IM4) oERF~EOSIGMA#Y2 0266

GF( 1M)*A8SftY*RS5, 0267

R~mIM0268

C SKY wAvE ABSORPTION

,SKY (IM) 61596*R*A81 (IT)/ COSF(ASUNF (RO*S UNF (P,12+FDEL(IVM)*AX)/(RO 02,69

1+10s*FRQ112GR**.8 0270

tsveI'M 0.271

C ANGLE At IONOSPHERIE

PHEuRO*,SINFtPI2+FDEL( lm*K/:'+L 0272

c FREE SPACE LOSS

ZOR. GCD/(2e*RS) 0273

F~u(2.*RO~iNIZOR.RO/HE)*EK 274

FSF( M*'66+2 0275(Pl20*OGO(Fk0

626 CONTINUE 01

C ANTENNA DETERMINATION

KAP6XABSF( IANT) 0277

MFIANT) 18 9181#181 0278

1:81 KAP*4 0279

DO 82 11.1.2g 02810

MuMEC II1) 0,261

82 EXMT(1M3.IANT 0282

00, 62 11*1.3 0283

*IM=MF(lI) 02-84

62 FXMT (IM) aI ANT 0285

GO TO 1185 0286

18 GO TO (31932933)tKAP 0287

31 TANT(l)uARA(1) 02668

TANTI21*ARA(2) 0269

GO TO 1860 0290

32 TANT(1)sAVA~1) 0,291

TANT(2)*uAVA(2) 0292

GO TO 180 0293

3-3 TANT(1)nAMA(1) 0294

TANT(2)*AHA(21 0295

160 DO 182 114192 0296

IMuME(II) 0297

IFIELLI IMMP)03960.102 0296

603 CALL GAIN(KAP.,EDEL-(IM),XETAFR'EQXQ#XPXNDXNLXNH.EXMTIM)I 0299
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1862 CONTI1NUE 0300

C POWER GAIN OF TRANSM1IttING ANTENNA

DO 382 11.1,3 0301
IMAMFI 111) 0302
IFlF'LL(IM)) 60396,050382 6303

605 CALL GAIN(KAPFDE'L(IM),XETAFRkEQ*XQXP.X:NDXNL.XN'HFXMTi(IM), 0-304

382 CONTI1NUE 0305
1185 Ilf(METHOD-4) 1859,1846165 0306
184 If(IHR) 185.185183lO 0307

183 IAN~AG 0308

MA. 0 0:309
IS85 KUP*XABSF,(IANR) 0316,

I(IANR) 181,2619281 0,311
28 1 KUP*4 0312

DO 482 11*1,3 0131

I M&MP(II) 0-314

482 FRCR (I1M)IANR 0315
DO 582 11=192 0316

IMzME( II) 0,317,
582 eRCR(IM).IANR 03-18

GO TO 1285 01319

1I7 Go To (741,42,431;,UP 0320
741 RANT(1)*ARA(l) 0321

RANTI2)*ARA(2) 0322

GO TO 280 0123

42 RANT(UmAVAH.) 0324

RANT12)*AVA(2 0325

GO TO 280 0326

43 RANT(1),AHA1l) 0327

RANT(2)*AHA(2) 0328

C RESPONSE OF RECEIVING ANTENNA

2,80 DO 282 11*193 02

IM*MF( II) 
0330

IF(FLL(IM)l 607,607,282 0331

607 CALL G4AI NIKUP.,FDEL(IM),LWETAP:REQRQ.,RP9RND 9RNL,9RNN, FRcR I m) 0332

282 CONTINUE 03

DQ 782 11*192 0334
IMaME( II) 033'5

IFIELLI M))6Q996099782 033,6
609 CALL GAINIKUP,EDELIIM),ETAFREQRQRP R'ND, RNL,RNMERCRI!M) 0337
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782 CONTINUE 0338

1285 IFUMAP) 28592859138 0339

285 GO to (286 03 A) 6L IP 0340

286 GO TO (33003309313091111) 9KAP 0341

1331 GO TO (2126212923,29233) ,KUP 0-342

233 WRITE OUTPUT TAPE 6ol3,IANT#MA,lANR 0-3,43

6O TO 388 0344

330 GO TO (335*335,335,36) OKUP 0345

335 WRITE OUTPUT TAPE 61. C046

1 TANT *INHgINL 6 NDMARANT oJNH#JNLoJND 0347

GO to 388 0348

336 WRITE OUTPUT TAPE 6.2. 0349

1 TANlTINMINL#INO.MAIANR 0-350

GO TO 388 0351

232 WRITE OUTPUT TAPE 6,4#IANTMA#RANTJNH*JNL#JN0 0352

388 LIP.? 03,53

DO 333 II.KZ.K3 0354

C DETERMINATION OF TYPE OF C IRCUI T(POLAROTEMPE RATE ,ETC)
RMnAlBSFT(GLAT( I113 0356

IF(RM-6O.*AK) 3319331.332 03 57

331 ID-1 0358

IF(ABIY(19.IT)) 9732.97329333 03'59

9732 TIP=5. 0560

GOTO 333 0361

332 MFRM-70.*AK) 33493349 35 0362

334 10=3 0363

IF(K2-1) 3339333# 36 0364

36 ID*4 0365

GO TO 1725 0366

35 10=2 0367

333 CONTINUE 03W

C TRANSMISSION LOSS E-LAYER MODES

1725 DO 960 11*192 069

IMPME4II3 0370
960 ELL(IM)UESKY(IM3.Ge(IM).FSE(IM,-EXMT(IM)-RRIMADIO.LU 07

LD*ME(1) 072

LEPMEI2) 0373

IF(ELL(LD)-ELLLE)) 961.9619962 0374

961 ELOSmELL(LD) 0375
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MDEZLD 0376

60 TO 963 6377

962 ELOSWELLLE) 0378

MOE. LE 03790

C TRANSMISSION LOSS P2-LAYER MODES

963 100 964 11 a1,31 03806

!MIUMF( I I) 0381

964 fLL (IM) FKY ( M) +GF( IMFS ( IM) -FXMT I M) RCRVIM)+ADJID)s+LU 1M) 03182

LGzMf ( 1 ) 03.83

LtMF(2) 03-84

LJ*M:F(3) 0385

IF(FLL(L6) FPLLILH)) 965,965,9066 036

96% FL1mFLL(LG) 0387

MDFm=LG 0.88

GO TO 967 0389

966 FLI&IFLL(LH) 0 39'0

mDF u LH 0391

967 IF(FLl-FLL(LJ!) 9689968.969 0392

968 FLOSzFL1 0393

GO to 970 0394

969 PLOS*FLL(LJ) 0395

MOP ! U 0396

970 MFELOS FLOS) 919911972 0397

971 NXLOSINF)=ELOS 0396

NANGLE(NF~uEDELIMDE)+*5 0399

MODE ENF)*MDE 0400

ABC(NF RaAEC 0401

G0 TO 911 0402

972 NXLOS(tF)wFLOS 0403

NANGLE(NF)=FDEL(MQF)..5 0404

MODE(:NF )uMDF 0405

ABC(NO)RAFC 0406

* C MIXED MODES OF PROPAGATION

911 FHOP=MF(1)-1 0407

IF(FMOP) 39039390393819:8 0408

3898 XHOPamFHOP+1. 0409

C AVERAGE HEIGHT OF REFLECTING LAYERS

EFHT*( 11Q.+FHOP*FL),(FHOP+19) 0410

C RADIATION ANGLE

EFDELU*ATANFI(C$(C/2*HP)R/R+F,)/IFGD(*XO) D 411



?o1
1 ) *85 0,412

C ANGLE At IONOSPHERE
PHEURo*sINFP(P12,I FVEfL*AtK) /cRO+110.) 0413

AR~u.13*(PI2~EDEL*K-AINF(~E)0414

IF(E'FDEL-i.) 3899939'00,39101 0415
38699 FHOP=:FHOP+i. 0416

Go TO 38908 0417

C MODE ELIMINATION

3900 ELFKC1902 0418

GO to 3902 0419
3901 ELFK*(t((-(4368,46,O7E-9*AkZ-+1.3449)4z61E-7)*ARZ 5i976618436E 6) 0420

~ 042

349 Y ZS*ELFK 0423

4332 F(Y-*REQ 1906.390500905 0424
3903 NOS('NF)*1000* 0425

GO TO 612 0426

3905 YftZR*:ELFIK 0,427
MFY-FREO) 650,650,651 0428

651 NOS(NF)1000.o 0429
GO TO 612 0,430

650 ARKu(GCDKM*DK ARZ I/F:HOP 04311
FLFK =((( 916456k-*:K449541*,*R *,5314- 0432

I16)*ARK+6,8652590817E-5)*ARK+9.2'02437332E"5 )*ARK+2.2646343,,1E-3)*ARK 0433
2+4*699243101E 3)*ARK 0434

REF=(FREQ-GMAI12) )/(F24 12-GMA( 12)) 0435

IFfFLFK-REF) 652.6539653 0436

652 NOS(NF)PlOOO* 04.37

GO TO 612 0438

C SKY WAVE ABSORPTION

653 EFSKY=615.5*XHOP*ABIY(1,IT)/(COSFIASINF(RO*SINF(PI2+EFDEL*AK),(RO 0439

1+1QO. I )*IFREQ+1.12*GYR)**1.9)81 0440

C GROUND REFLECTION LOSS

39,08 CALL LQSS(EFDEL#ER9FRfQSIGMA9Y) 0441
3909 GEF*ABSSF(Y*FHOPI 0442

C ANGLE AT IONOSPHERE

SPHE;RO*S!N'F(PI2+EFDELiAK)/(RO+EFHT, 0443

C FREE SPACE LOSS

ZoR4GCD/(29*(FHOP+1.fl 0444

FRm(2*FHQP+1o-)*-SINIF(ZR)*RO/SPHE,*EEK 0445



EFSFt56.5,8+o. *LOG1IO0FC FR) +206 *LOG 10F FREO) 0446

GO TO (3186016-,0180,3181)9KA P 0447

181 EFPXMIT z ANT 0448

GO TO 3182 0449

POWER GAIN O~F TRANSMITTING ANTENNA,

S1610 CALL GAIN(KA P,!FD.rL,eTA, RIEUXQXPXND,#X.NLXNMH~,X MT) 04 50

3182GO O (183318,313,384)KUP04 51

3184 E FRC R -IAN R 0452

GO TO 3140 0453

C RESPONSE O1F RECEIVING ANTENUNA

-31-83 CALL GAIN,(KUP tEFDELWfTA9FRERQ RP'RNDRNL9RNH sEFRCR) 0454

C TRANSMISSION 'LOSS

3190 NOS(MNF)=EFSKY+GEF+ EFSF EFXMT-EFRCR+ADtJI ID) 0455

612 IF(NOSlNF) NXLOS(,NiFf 623,6220622 0456

623 NANGLE(NF)-zEFDEL+e5 0457

MODENF)FMO.1.01458

a ABC (NF ) -6166606,06060 0,459

NXLOS(Nf)xNOS(NF) 0460

6,22 IF(NXLOS(NF)-900 1 6911962496,24 0461

624 ABC(NF)ZAZZ 0462

NANGL E (Nf ) -O 0463

MODE(NF ) Z 0464

GO TO 874U 0465

6911 KAJx1 0466

G0 O (69261,79.9261)MTO 0467

6912 PORm 10,*:LOG 10f(PWR* 100,0) 0468

IF(J'UG) 38699386998712 0469

C 1MC/S ATMOSPHERIC NOISE DETERMINATION

3869 CC=SKC(IT) 0470

C SEASON AND] HOUR BLO)CK FOR ATMOSPHERIC NOISE PEE (AION 0471

LIB=4 0472

ICC*uCC/2* 0473

IF(ICC 8889940889%0888 0474

888 GO TO (8701,87Q1,8702,870U2,8705,8705,87Q6,8706,8708,98708,8887, 0475

18887), ICC 0476

8687 CC=CC-24a 0477
8889 KJ=1 0474

TM=2. 0479
JKal 10480

GO TO 8703 0481
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6701 :KJ-1 08

T~uZ.0,483

JK- ~0484

8702 KJ*5 08

JKN4 
048

KAJ/ 
0489j

GO TO87030490

8705 KJ=4 
0491

T M~ 1060492

JK .30493

60 to 8703 0495

8706 KJA3 0496

TM*14* 
0497

JKU 2i0498

LI BuS0499

GO TO 8703 05:00

8708 KJX2 0501

tmals.s 
0502

JKu 1 0000

KAJ=;2 0503

8703 IF(Y2) 9702,9702,9701 0 504

9701 CEG*3609-Y2 
0505

GO TO 9703 
0506

9702 CEGxABSFlY2) 00

9703 CALL NOISYIKJ,X2 9CEG9ATNO) 0508

CALL NOISY(JK9X2sCEGvATNY) 0509

ATNQ*(ATNOIATNY ATNO)*ICC TM/4o) 0510

LOBsO 0511

jUG*JUG+l 0-512

GO TO0871290713),KAj 051

C FREQUENCY DEPENDENCE OF ATMOSPHERIC NOISE

8713 MOTxMOUS:E/3 0514

IF(MOT) 8714,871598714 0515

8715 MOT*4 0516

8714 IF(X2) 8716,8717,8717 0517

8716 LOBul -0518:

8717 IF(MOT-3) 07189871908719 0119
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8718 LIB*6-LOB 062,0

GO TO 8712 0:521

8119 L IBS4+LOB 0522

8712 IF (LIB8-4) 21799217992118 0523

2179 If(ATNQ-20o) 21109217892178 6514
2130 ATN0*9O., 01525

2118 CALL pO LY(LIB,7,7.AtNQ/l0.-5.,FRAEQ/1l*o-15.Y) 0526

A TNOla .Y* 1 0. +13,0.o 0527

C GALAC TI C NOI1SE

F (FREQ-GMA (2) ) 7082,7102

8791 GNOSt (I ((((H .1095032130E10*FREQ+e244Z852'95E8)*FREQ01l5854096 0-529

108t 5) *FREQ+ o1 1140-5 5E 3) *FkEQ-.e6306649189E-[) F REG+ o13,90 178155t 0530

2 +0)*FRE Q 6110 ss 79E +1 )*FRE+ 11 110 36E 2*F RE 42639 56 SSE+2- 0531

3*FRQ+.0202545E+30532

GO To 9797 05S-33S

'8120 GNOLS*10006 0,534

C MAN MADE NOISE

9197 IF(MAN) 8722.,8723,8723 0,535

8722 KJ-XABSP(MAN)+S 0536

soBz0. 0537

CALL POLY (KJ91,10oSOsvFREQ9Y) 0538

XNO ISs Y 0539

GO TO 8724 0540

8723 XNOIS*MAN 0541

C DETERMINATION OF CONTROLLING NOISE

8724 RCNSEmATNO 0542

IF(ATNO-GNOS) 87259872598726 0543

8726 RCNSE:GNOS 0544

6725 ZF(RCNSE-XNOIS) 872998729,8728 0545

8728 RCNSEvXNOI S 0546

C AVAILABLE SIGNAL-TO-NOISE RATIO

6729 XLOSgN:XLOSINF) 0547

ROT a XLOS-POR 0548

GOT aRCNSE-ROT 0549

GO TO(505,505,505.50 5,50'5,56),METHOD 0550

506 NXLOS(NF)PGOT 0551

GO TO 9777 0552

505 WANT*GOT-RSN 055

C CIRCUIT RELIABILITY

IF(ABS$F(WANT'J-(TQP( ID)+TIP3)6607,867.,868 0554
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8-68 RIEL&SIGNPI 100..WANtl 0555

Go TO 869 0556
867 KJ*ID+1O 0551

GO 0 TO's 88.7380383)I 0:558

87,32 KJ*KJ-1 0660

8733 CALL POLY (KJ,5,,10,FREO:/10.-1.,5,w;ANT/iO..Y) 0561
REL=Y*0.+5.062

869 6FDl 74,7483 563
8735 XRLu9O* 0,564

0O TO 8736 0565

8734 XAL690t 05,66

8736 !F(REL-,XRkL) 8739,8739,8738 0567
8738 RELuXRlL 0568

8739 MFREL-1. ) 874068740,8741 0569

8740 REL &0o. 0-570

8741 NXLOSCNF)*REL 0-571

KI0*2 015712

IF(METHOO-3) 0171932'0799777 0,573

c ITERATION FOR LUF

3207 IF(REL-909) 3201,3202,3203 0,574

32:01 GO TO (32040,2)hKAT 0575
3202 FF(lT)*FREO 05716

60 TO 3214 0577
32:03 IFVFREQ-39) 3208,3208,3209 0578

3208 MF(t)*-3* 0579

GO TO 3214 0580

3209 FREO*FREQ-.1*OFREQ 58

I F (RE=39. )3208,4050,4850 0582

4850 KAT*2 0583
GO TO 939 0584

32104 ZJ*KJ 0585

GO TO 9777 0586

9779 IF(IHR) 91779977799778 0567
C FIELD STRENGTH

977,8 ALOSS- NXLOSNF) 05568

NXLOS(,NF).ALOSSe107.2+8.68,59*LQGF(FR'EQ).*343*LOF(1000**PWR) 0589
C FURTHER ITERATION FOR LUPf

9777 NFRN'F+1 090
IFNF-11) 914,914,260 091



914 FREt 0 fRAtL(Nf)09
MPREQ-FREL(11M 917,917.916 0593

917 MFFREQ-30*1 93099916 01594

016 NXLOS (0F)*009

FF1 IT,)aOo 0596

GO to 9777 609

260 GO TO 1250o,250,321!4,-3212,7'007,2 50),M ETHOD 0596

7007 GO TO (7009,7008),LZP 059

7000 WRITE OUTPUT TAPE 6,34,PWRvIRSNIFR 0600

7008 WRITE OUTPUT TAPE 6009, 0601

1 I6(TU(!t)FOTI~tNXLOS 0602

NIGm=NIG+1 0603

GO TO (3214,3214,213,NIG 0604

21 WRITE OUTPUT TAPE 6,906 0605

,NI1Gw0 0606

GO TO 3214 0607

250 GO TO (225OZ666)wLZP 0608

2250' WRITE OUTPUT TAPE 691490WR*IRSN9IFR 0609

2666 GO TO (2667,2667,2667,Z667,2667,2668),METHOO 0610

2"66 WRITE OUTPUT TAPE 6.29v 0611

I IG(IT-1),UIFIT-1),FoTIIT=1Dt(M~oDEt ID,ABC(I),I1,11l),NANGL~E 0612

9*IG( IT) ,UF( IT) ,FOT( ITh,NXLOS 0613

GO TO 3214 0614

2667 WRITE OUTPUT TAPE 699, 0615

1 IIT-1),UP( IT-1)i,FOT(IT-1I,(t400E1 I),ABC(1),Iulol,),NANGLE 0616

Z.IG( IT) ,UF( IT) ,FOT( 1T ,NXLOS 0617

GO TO 3214 0616

3212 GO TO (321393215)*LZP 0619

3213 IF(IHR) 8002,8002,8003 060

8003 WRITE OUTPUT TAPE 6940,PWROIFR 0621

GO TO 77 0622

6002 WRITE OUTPUT TAPE 69891FR 0623

3215 IF(INR) 69969977 06R4

69 WRITE OUTPUT TAPE 6,199 0625

1 IG(IT-1),UF(IT-1),FOT(IT-li,(MODEEI),ABC(III31,11),NANGLE 0626

29IG( IT),UFI IT) ,FQTfIT),t4XLOS 027

GO TO 3214 0628

77 WRITE OUTPUT TAPE 60599 0629

1 IG( IT-1I) 9UF( IT-1 9FQT (I T-1) to(MODE( II 9ABC(II 1 *111) 9NANGLE 0630

29IG(UT)9UFlIT)wFOTIIT)9N'XLOS 0631
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3214 LZPw2 0632
GO TO (227:0,51,290.51.41.511OM;ETHOD 0633

41 60 TO (40951)#JIG 0634

40 WRI1TE Output TAPE 6,907 0,635

GO TO 270 0616

%1 WR IT g Output TAPE 6S909 0637

JIGwO 0636S

GO TO 270 0639

290 IF(MAP) 6218,6299.6229 0640

6290 CALL CURVY(FOY,FF3 0641

Go TO 270 0642

620 WRITE Output TAPE 6,24vPwRtIRS4 0643

IP(IHR) 229192291s2240 0644

291 WRITE output TAPE 6.7. 0645

1 tGI)F(IOTI)I(I6FFI6)OTI6IG 12.0646

2 pF( 1+12).tot(I1+1219161 I+1SB) L.F(t18) trot( 1+1$i.#1i6) *AAA 0647

GO TO 2270 0648

2200 WRITE Output TAPE 6,70, 0649

1 (IGI).FOT(I),IGU1+6),FOT(I+6).iG(j,12),FOt(Il+12).IG(I+i 0650

28h. FOT:(1+18) .J'G( I.1 ,FFI 1.). OT(IlI(I7,FI7,O(+) 0651

11+13)9FFI+1) *POT(I1+1) ,IG( I19)9FF( I.19)FOTfI19)Im1..6v2),AAA 0652
2270 IF(3-MIT) 196991969.1970 0653

1969 WRITE Output TAPE 69009 0654

MIT1 0655

G0 TO 270 0656

1970 MITuT+ 0657

270 RETURN 0658

END 0659
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SUBROUT INE CUR'VY (COT .BOT) 0001

C GENERATES LINE GRAPHS

DIMENSION COT(24,9R0TI73), BOT(1243.WOT(73) 0002

DIMENSION AOT(73), CO'B(55).B8OB(55).XOB(73) 0'003

D IMENS ION, FDEX (10) 9E DE ( 10) 0004

DIMENSION AMONE 12, G LAT(5).AbI (24),ABIY(5,2;4),CLCK(24).GYES5), 0005

IF2S(5924) OF2H(5924) 9GMLf 5924 ) *GMH(5924) oMF(3) 9ME(2)#:ELL,( 10) FLL(10 0006

3,ESK.Y(11,G9(lO),GFC1U,,F$ E( 10) 9F-:F'(1O),NOS(11 ),FXMT(10),EX MT(10)i 0008

4FRCR (1O) tE RCR 110 ) ADJ (4 ) 9AdC (12 ) 9MOE (12) 01009

DIMENSION 0(2,O,60.4),IL(4),L(4),F.L(ifl.LK(4,)oJAL(4) iK.C(24) 0010a

1.G(6,0),AB(6,0),S(2'0,24 ,C(20924) ,GAMP-AI5,24),BA(6O) 0011

DIMENSION RD(S).,SUN(12),A(1O.7.j4),RASSN(12),EMF(592 4) 00 12
DIMENSION C LAI5 ,CLONG(5).EMUFY(5,24),FMUFPY(5,24) * UfY(S) .FOTy(5) 0013

5.9IG(24) 00O14

DIMENSION UIF(24) .FOT(24) ,FF(24) ,P(29,16,6) ,A(BP(2,6) 0015

DIMENSION AHA(2).ARA(2),AVA(2),RANT(2),TANT(2) 0016

DIMENSIONNXLOS(11 .NANGLE(11) 0017

DIMENSION TOP(4),RIEL112) 0018

COMMON ABP 94 0019

COMMON A U,GABS.CGAMMAbA, EMUIFY.FMUFY. I6,UFFut,6NAVA,RA.GLA 00Q20,

1TABI ,ABIYO,LC~,6YI2S,P.F2HGMLOGMHMFM'EEL0,FLDF24GMAADjA83C 0021

2EMFCKCCLAt.C LONGAK-BK,KDKPI2,EKEEKGLT ,GLG.AAA,LAAbA* 0022

3APC.ANCAW CAECASCAZZ,MANIRSNK*,PWRIANT,IANRY2,X2,MOLJSESSN9 0023

4NOClR9K49 AX.XlLONGALYLAT ,XLATYLUNGYLotTRYGUKM(jCDNMKl ,V~2K 0iC4

5 3wK 5 9GCD, I1RSN 9MON t I D,9MUSE, AYtME T HOD0,AHA 9BMONS,9MA P 0025
COMMON FREL 0026

COMMON XNHXNLXNDRNI'iRNLRNDAJlGHARXTRXETA*W ETA, IHR.MIT 0027

COMMON KAP, KUP,MATANT, INM. INL. INVIRANTJNHJ-NILJND 0028

73 FORMAT( 10X94HANT~l3#2HDeo2QX6-1NOISE~13 .2QX94HANT=I39HDB), 0029

91 FORMATI6X,2A6,1X,13,1HH,1X,13,1HL,1X, 13,3HDEG,2X,6HNOISE;13,2A6,1X 03

72 FORMAT(6X,2A6,1XI3,1HH,1X, I3,1HL.1XI3,3HDE6.12X.,6HNOI.5E=-13,12X, 0032

14HANT*1392'HD) 0033

74 FORMATI 1OX,4HANT=Il3,2HD8,13X,6HNOIS E=13,7X,2A6,1XI3,1HHM,13.1HL 0034

1 .1X.1393HDEGu) 0035

24 F0RM AT(1OX,4HPWR=F6.2,2HIKW.42X,8HRE(~.,N=1392HDB) 0036

3 FORMAT(14XI59lOX9A69 IOX,4HSSN=-FS.0,1OXA2,F7.3/13X, 11HTR 0037
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2ANSMI~TTER, 3X,6HRECEIVER,12X,8iHBeARIN'GS,6XH,.NM ILES/11X, F600AIS 0:03,8
12"H, - tF7o29AIv5X#P6*2#A1,2H , f7.2#AI,3X#2Fbo1.4XFb8.1) 0039

15 FORMATU(X973A/6X974H0,O 02 U4 06 0;8 10 Le 14 00,40

1 16 18 20 22 00/34XI9HGR!EENWICMH MEAN TIME) 00,41

2 FORMAT(2XA1llXA2,A1,7l3A,A1,A2,1XA1, 0042
95 FORMAT(1:H1) 004-3

1 FORMAT(IH )0044

WRITE OUTPUT TAPE 6939 004-5

1 NO C I:R 9MONSSSN A oH AR,9XL AT ,A XXL OIG A LYL ATA Y Y LONG YL, 9 0046

2XTROBTRYoGCONM 0047
MFMETHOD-3) 40449404594-045 00,48

4045 G0 TO (3300310,330,1131),KAP 0049

1331 GO TO (232o,32#2329233)*K'UP 05

233 WRITE OUTPUT TAPE 6,73,IANT*MAIANR 0051
GO TO 388 00,52

33'0 GO TO (335,33-59335,336JKUP 0053

335 WRITE OUTPUT TAPE 66919 0054

1 TANTINH,!NLI:NDMA.HANfJNI1,JNLJN'D 00-

GO TO 388 0056

336 WRITE OUTPUT TAPE 6,72, 00-57
1tANT9INMINLoINOMAIANR 0058

G0 TO 3808 0059

Z32 WRITE OUTPUT TAPE 6,749 0060
1 IANTeMA91RANT*JNHJNLJND 0061

38 LIPw2 0062
WRITE OUTPUT TAPE 69249PWRoIRSN 0063

4044 .JO 0064
DO 303 1=1,24 0065
X--COT( 1-1) 0066
IF(I-1) 202,203,202 0067

203 XaCQT(24) 0068
ROT(1)gx 0069

2!02 XXACOT(I) 0070
DO 303 11*193 0071
J*Je.1 0072
CEGuII 0073

303 ROT(J+1)=X4.(XX XI*CEG,3. 0074
IF(METHOD-3) 6402,6405,6402 0075

6405 J=gO 0076
DO 808 1*1,24 0077
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xXXX 0078

FlI-il 8U2tb,036,02 0079

803 XzBOT (24) 00860

!F(X) 51#53954 01081
51 Xt1. 00,82

GO TO 54 008 3

53 XxCOT(24) 0,084

54 WOT(1) X D085

802 XX-BOT (f 0 086

IF(XX) 55,579,8 00,87

55 XXx-1, 00,88

GO to se 00,89

57 xxtcoym 00901

58 DO 808 111.3l 0091

J-J+ 1 0099

CE6~ 110093

808 WOT(J+U=-X+fXX X)*CEG,3. 0094

6402 DO 6018 1=2.72.1 0,09-5

B 608 XOB(1)4060606060:60 0096

DO 20 lt1.73.3 0097

B 20 XOBSMZ20606,0606060 0098

,DO 30 l1*55 0099

a B08(1 )a06060606060 0100

B 30 COSM=~606060606O060 0101

B COB(1)= 6U036060&60000

8 COB(5)= WU046060,6060 0103

B COB(9) 6U056060,60b0 010Q4

B COB( 13)=6U0660606,U60 0 10b

B COB(17;=600760606000 0106

B COB(21)=6010606060,60 01~07

f COB (23) t6011600061060 010w

B CQ5(25)=01126060,6060 0109

B COB(27)=Q10160606060 0110

8 COB(29)=01026960690 011

a COB(3)N010360606040 0112

* 8 COSM3)='0104606016060 0113

B CMB35)=0105160,006000 0 114

a COB( 37 )01Q66Q606060 0 115
a COB( 39 )z00760606060 Q 116

B CQB(41U=0110,6060,6000 0117



B C08441) w011160666060 Oils,

B COB( 45) z,02126060,6060 0,119

B 0 B4 7a0 20 2b0:6,0,6060 '0120

C 0 CB4 9)0104 60;606 060 0121.

B CB 58s-1 ) 2'066 0606060 0122

C COB 6 )42 10'6016 0606,0 0123

B COB( 651903 1260606,060 0124

B B08B129) 4560,606016060 0125

0 BOOM2) zb2060606060 02

a BOB( 22) t'616060606'06,0 0127

8 BOB (23 1 -236,060 60,6060 0128

B BOB(824 a 4 4 6G606 0606 0 0129

B 0 2O72&)7 0:66 0 6060 6o 0 1 30

a 80OB(28)62360606,66060 01

B 608,00)22560,60606060 0132

a 008031) *6460:60606,060 0133

B BOWI 32) *50606060,6060 0134

a BOB( 33) u2560'60606060 0135

B 6O8114) i-516060606060 0136

a BOB( 35) -2660:60606060 0137

B D0T-546060:606060 0138

ZOB*31@ 0139

a DO8640,6060606060 0140

Do 200 IK*i,55 0141

1M*56-IK 0142

DO 100 191973 0143

B 100 AOT(J)*606060600060 0144

IF(ZOB-20.) 4.4963 0145

63 WOBi.e 0,146

GO TO 5 0147

4 IFIZOS-8.) 406294062.4063 014w

4063 WOO*.5 0149

GO TO 5 0150

4062 WOBz*2S 0151

5 ZOBuZOB-WOB 01 59

I Txl 0)153

12 ISPOTaIT 0154

IFIROMT)TZOBI 6.8.8 0155

0 SOBwZO'B+WOB 0156

IFROT(T)-SOB) 10,496 0157
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10 AOTfISP0T)mWDOT 0-15,d
itIlt+2 0159

0O TO 16 0160

6 ITIlt+i 0161

16 IFIISPOT-M3 12.13.13 0162

13 I-FIM'ETHOO-3) 2009656-502OV 0163

*6565 Ita1 0164

1F(W0T1IT)-ZOB) 66#3893,8 0166

I'8 SQOB:+woB 0167

IF(WOT(IT-SOB8 80,6666 0168'

60 IMAOT(SPOT)-D0t) 81.66981 0169
8 81 AOT ( ISPOT)*3 3606,0606060 0170

I~uIT.20171

GO TO 67 0172

66 !YuIT+1 0113
67 1F(ISPt-73) 339200,200 0174

200 WRITE OUTPUT TAPE 692t 0175

I BOB8(IMD, C0B(IMI.D0BAOT.D-)o8.COB(IM),0(IM 0176

14 WRITE OUTPUT TAPE 69159X'05 0177

WRITE OUTPUT TAPE 6925 0178

RETURN 0179

END 0180



SUBROUTINE GAIN(KOP, ELtA, BETAFMCSIMA9EROHI ,EL.IHRAIN) 0001

C POWER GAIN Of ANTENNAS

9749 FORMAT (1F1246) 0602

RSLfAw;DE-LTA* .01743292f52 0004

GO TO 16917,6)9'KOP 00

6 TuRCOSP(RELA) 00

RET~BETA .0145322520007

QuSl NF MREL TA) 00

RuQ*0 000

SiR*R0010

XslSOoo.*SIGMA/FMC.01

RHOl2uSORTFfkHO) 0013

ALPHAs-ATANF (X/WER-T*t)) 0014

PS!NuATANF(2.*RHO120SN'F(ALPHA*o5)/(kHO Rt) 0015

CHuSQRTF(RHO4RHO+S 2*HORACOSFI ALPHA) )/ (RHO+R,+2.*RHO1Z*Q*COSF(AL 0016

1PHA*95)) 0017

WAVEa299. 79Z5/FMC 0016

FAC. (3.141S096654EL) /WAVE 0019

Ululo-T*SINF(RHI+kETA) 0020

U~z1*.T*SINF(RHI-RETA) 0021

EPF*uo. 0022

X*18 0023

GO TO (29293)*KOP 0024

2 RAINU=( 3 02*COSF(RHI)COSF(RHI)*SItF(ACU)SINF(FAC*U1)*SINFIFAC*U 
0025

12)*SINF(AC*U2)(CCH+1.2.*CHCOSF(PSIHI 12.56637062*H)/WAVE*Q)I 0026

2)/(U1*U1*U2*U2)*(COSF(RETAI-SIN'F(RHI )*T)*(COSF(ReTA) SIN-(!RHI)*T) 0027

ROK=3e 0026

6 OQ4 0029

3 RAINaC .5562474*CQ$F(lo10O96T)*COSF( 1.570796*T)*(CH*CM+l1e-2e*CH*C 0030

1OSF(PSIH (12.56637062*H)/WAV E*Q))/~S 001

ROKz=-4*77 0032

GO TO 4 0033

7 EuER 0034

IF(N) 24.24.20 005

20 WAVE*299*7920/FMC 0036

Au (692831850H) /WAVE 0037

XPH/WAVE 0036

GO TO 25 0039
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24 EN*I:NTF(ABSFIH)/10o) 0040o

IF(EN) 509519,0 0041

51 HI&ABSFC(H) 0042

6O to 52 0043

50 HNatEN/(ABSF(H) -10.**EN) 0044

52 AuH1*6.2'S3185 0045

X&H1 0046

2-5 D2.6*A 0047

Z .2 *0049

WmclaoZwi) 006501

W2KCI (D,W3) 0051

R~iO.*-.*COF()*(5721564+LOF()-W ),1.,COSF(D1H*(o577 0052

12166649+LO6GDI-W2 ),SINF(D)*(o6*w1 W31) 005-3

26 S-SINF(RELTA) 05
CaCOSF (REL TA) 0055

HM*A/641831853O7 0056

ANUMzCOS~( A*S) -COSF( A) 05

26 CALL VREFCO(RELTAEFMCSIGMA,CVPSIV) 0058

FACI.CV*CV,1.-2.*CV*COSP(PSIV-12.5663706*HM*S) 0059

FAC2Z.6*COSF(6.2831853,072*HM'S) 6 060

29 RAIN z(120.tANUM*ANUM)/IRA*C*C) 00:61

RAINuRAIN*FAC1 0062

4 IF(RAIN) 11911931 0063

31 RAINl.4*342944S19*'LOGF(RAIN) 0064

IF(X-625) 69970970 0065

69 EFF=(( (6416.702573*X 6091.333295)*X+2179.89O548)*X 364,8173803)*X+ 0066

125o64620146 0067

GO TO 71 0068

70 EFFPO* 0069

71 RAIN*RAIN-EFF-ROK 0070

41 IFIRAIN+10* )11,11,10 00711.11 RAIN=-109 0072
10 RETURN 0073

END 0074
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SUBROUTINE VREtFCO(,DELTA.ER.oPR:EQSIGMACV.PSIV) 01001
C VERTICAL GROUND RIEFLECTION COEFFICIENT

P1.3. 141592654 0002

X81800.SIGMA/fIREQ 000

U'u (ER*ER+X*X 1 0,004

V USR T U)0005

QuS INF(DEL TA) 0006*

RAQ*O 0007

t6COSF (DELTA), 0009

RHO=SQRTF(t (ER-t*Ti )( ER-T*T) +X*X) 0010

ALPHA*-ATANFiix/(ER-TkY*T)) 0012

A.2.ORtHO12*Q4V*,SINF(A LPHA*.5+ASINFIX/V)) 0013

BuRNO-U*R 0014

IF(S) 10,20.30 0015

20 IF(A) 21.22.23 0016

21 PSIvz-.5ePI 0017

GO to s0 0018

22 PSIVuO. 0019

GO TO so 0020

23 PSIV*65*PI 0021

GO TO 50 0022

10 PSIVuATANF(A/8)+PIl 0023

60 TO 50 0024

30 PSIV*ATANF(A/B) 0025

50 CVzSQRTF(RMO*RHQ.U*U*S-2.*RHO*U*R*COSF( ALPHA+2.*ASIN'F (/V ).) )/(RHO+ 0026

1U*R+2.*RHO12*V*Q*CoSlF(A LPHA*o5,ASINFIX/V )) 0027

RETURN 0028

END 0029
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FUNCTION CI(XSI) 001

C SINE AND COSINE INTEGRAL

4 IF(X-106)596,0960 0002

5 soaXoX 000

C~m.7721664.LOGC x0004

TERM 1**SQ/4e o00

6.4 * 0006

10 C~C+EM0007

TERlmi-1.4iT ERM*SQ*(G-2e)/I 16 1.)*G*G) 0008

GmG.?. 0009

lf(ASF(TERM)-.0000'51 20920910 0010

20 S1-09 0011

G= 3. 0013

25 Sl * SI +TERM 0,014

GaG+2* 0016

MFABSW(ERM)-O06005) 80980925 0017

60 TERMIal. 0018

Tati 0019

Cub 0020

61 FACm(4e*T*T 2e*T)/fX*X) 0021

TeRM2u-1 .*FAC*TERM1 0022

IF(ABSF(TERM2)-ABSFE TERMi) J62.64.64 0023

62 C=C.ItERM2 0024

T*T+le 0025

IF(ABSF(TERM2/Ct)-1O.E-10)65,65,63 0026

63 TERM1;zTERM2 0027

GO TO 61 0028

64 5C*29*T 0029
TI4ETA=X=SC 0030

Pl~z.5-( 1.2.*THETA)/(4.$SC).( 1.-4.*TNETA-2e*THETAtETA)/(8e*SC*SC 001

* 1)+(3,418.*THETA+8.*TtHETA*THETA)/116.*SC*SC*SC) 0032

CwC+TERM2*PI 0033

65 TERM1*1*/X 0034

DwTERM1 0035

Twl. 0036

66 FACP(49*T*T+2**T)/(X*X) 0037

TERM2s-1 *FAC*TERM1 00318

IF(ABS(TE R2)-ABSF(TERM1) 67969969 009
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67 DD.+TERM2 0040
TuT+10 0041

WEIABSF(ERM2/D)-10*E 10) 10970,966 0042
60 leRM I aTEAM! 0043

do to 66 0044

69 SDU2o*T+1. 0046

THETA*X-SD 0046

01l ,5S (I * .2 **THE TA)/ 44 ,*SO)+ I a 4 *TI4ETA 2.*HETA*TNETA 1/(8 *O*SD 004 7
j)+(3.+i8.~tHEtA+8.*tNHETA*tIITtA3/(16.*S$D*5D*SD) 0048

DuDTWERM201 0049

70 cXUcosFX 0050

SX*SINFIX) 0051

clm(C~sx-O*cx)/X 0052

80 RETURN 0054

ENO 05



SUBROUTINE LO'SS(REtLTAvER9FREQ#SIGMA9YI 0001

GROUND REFLECTION LOSS

DELTAURELTA*.01746329 0,002

PI.3141526540003

U.IER*ER+X*X) 00oos

Vasootplul 0006

QnSINF(DELTA) 0007

R .0*0 0006

SmmR*R 0009

TACOSF (DELTA) 0010

RHO.SQRTFI (ER-T*T )*EA-t@t)*X*X) 001l

RHO12ASQRTFIRHO) 0012

ALPHA-ATANF (X/I(ER-T*t)) 0013

CHuSORTF(RHO*RHO+S-2.*RHO*R*COSF( ALPHA)3/C RHO+Re.2.*RHOj2*Q*COSF (Al 0014

1PHA*65 3) 0015

S0 CvunSQRtP(RHo*RI1Ou*u*S-2.*RHO*UOR*COSF ALPHA+2.,*ASINF (X/V) 3))/(RHO+ 0016

1'U*R,2.*RH012*V*Q*COSF(ALPHA*.,5ASINF(X/V))) 001?

Yv10**LOG1OF( ICH*CH+CV*CV 3212. 0016

RETURN 0019

END 0020



-88-

SUBROUTINE POLY (KJ 9NtM!*V*X 9YY) 0001
POWER SERIES VARIABLES

DIMEN'SION AC1.0#79141 0002

DIMENSION P(z9#16*6)#A8Pl2;6) 0003

COMMON ASP O 004

CMM4ON A 0006
Yso 0006

120 :NUNN 0068

caEP CO 0009
1U7 COEF*COEF*V.A CM *N 1J 0010

I(N) 1221212711 0019

* 12 Yiiy*X.coer 0013
msm-i1 0014

IF(M) 1269169120 0015

126 RETURN 0016

END 0017
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SUBROUTINE NblSYf'KJ#XP9CfGtATNO) 0001
FOURIER VARIABLES AND, ATMOSPHERIC RADIO NOISE
DIMENSION P,(29,16, 6) ,ABP(20 ,6 ZZ(29) 00012

COMMON ABPP 000
ALFuA8BP( 1.Kj) 0004
BIET&ABP42 ,KJ) 0005

00G008726646646Z6*CfG 0006

SluSINF(Q) 0008
DO 56 J61620 00
k s0. 0010
SXuS1 6011

CXuC1 0012
DO 55 K*1,16 0013
RR+ SX *Pl J,KwKJ) 0014

SS*Sx*Cte+cx*S1 0015

CX*Cx*C1-SX*s1 0016
55 sxass 0017

56 l!ZJaR+PJ*16#Kj 00183

0 6017 4 51292 62*( XP 0 0 0019

SIASINF(Q) 0020

sxas1 0021
c1-COSP(Q) 0022
cXaCl 0023

R'60 * 02
DO 57 Kal929 .0025
R*R+SX*ZZ K) 0026

Ssasx*C1+tx*s1 0027
CXmCX*C1 SX*S1 0026

57 SXuSS 0029
ATNO*R+ALF.OET*Q 0030
RETURN 0031

*END 0032
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DI. MATHEMATICAL EXPRESSIONS

1. Great circle distance in kilometers, degrees and

nautical miles

coB (gcd) t sin (xl) sin (xZ) + cos (xl)

Cos (xZ) coB (yZ wyl)

gcd t great circle distance - degrees

xI transmitter latitude - degrees

yl = transmitter longitude - degrees

X2 receiver latitude - degrees

yZ = receiver longitude & degrees

2. Bearing from receiver to transmitter, degrees

east of north. (0 - btry Z 360).

btry = 114. 5816. tan"  sin (u&90 + x2) * sit (umgcd)I I cind

u= (180. -xl -xZ +gcd)/2

cind sin (u) • sin (u - 90 + xl)

3. Geographic latitude of control points along great

circle route.

x' 1 Cos (pp) . cos (90 - xZ) + sin (pp) • sin (90 - xz)

. cos (btry)

(Control Lat) = 90 - arccos (x' 1)

pp - great circle distance in degrees from transmitter

terminal to control point

4. Geographic longitude of control points along great

circle route. (y Z " y')
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yoarccols [Coso (pp) -4 CoB (90l x!)

CO' cos90/

sint (90- XZ) -sin (90- 4.X3)jl

Y.3 control point geographic latitude

5i Geomagnetic latitude of Control points along great

,circle route. (y ±90 w Y')

y' arcol[sin (x4) g in (x3) +

cos (x4) .coo (x3)

c cos (x3 -x4)]

x4 latitude of geomnagnetic north pole

6. Local time at receiver terminal.

LMT =GMT - yZ/l5

LMT =local mean time m hours

GMT -Greenwich mean time - hours

7. Sun' s zenith angle at control points.

Coso (4s) = sin (z) .sin (asp) + cos (z) .cos (pop)

COs [(!5x GMT) -180].

S= sun' s zenith angle - degrees

z = control point l1titude " degrees
sop =_latitude of subsolar poin of sunfrmdl

-of -month in question " degrees

GMT m Greenwich mean time - hours

8. Ionospheric absorption index I"f

I=(1 + . 0037 SSN) (coo . 8810 1.)



SSN )ipredicted or observed 12 month moving average

Zurich sunspot numnber. (0 S- SSN :S 200)

9. Ea-layer distance factor.

elfe 2. 08950000:00 10I 1. 332010756 10 I *~ x +

3. 761385053 *10 x -5. 0384762616 * 0 .x+

2.624808315. W 5. 97661$436 *C x0 +

-76 -9 7
1.3344942:61* 10 x - 4.368460,907 10'- x

x =great circle distance - hundredos of statuite miles

10. E&2000 MMJF

emce t 3. 345996232 + 37. 67736072 - I 52. 41191754 * I2

+ 39. 26151056 * I 3 10. 66484988 * I

I =- absorption index

11. E-alayer MUF.

emufy (eme) - (elfc)I emc t E-2000 MUF
12. F-layer distance factor.

Me --fc4. 699243101 10I x +2. 264634341 *10- *X

5 3 - -5" 4+ 9.202437332 * W0 . x + 6. 865259817 *10 *x-

9. 9.583114 . W x 5+ 4.49151441 17. 6

6.712654756 - 10 9 * 7

x = great circle distance - hundreds of statute miles

13. FZ-layer Fourier generation of foF2 and M"3000 factors.

Fourier time variation function, used to obtain foF2

or M"3000 factor:
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F(XY,t) ab (X, y) + [bb(xy) coB (jb - 1) t +
Fj =2

ba jb (x y)ain (jb m 1 ) tJ

a. (x. Y) Y NO. (y is Zjb m
jb ~ iska, io ka

ka= 1 jb 2, 3, 4.... j

x geograpi laide of control point -degrees

(-90* _i x S 90'
y egraphic longitude of control point m degrees

(06 x 50 3,606 East of North)

t = local time at receiver m (hour angle) (180 :S- t :-- 1800)

I, j,k, L = constants describing number of harmonics

in the Fourier functions

10 t matrix for foF2 or M-3000 (high or low SSN)

Q t Fourier coefficients defining the function
is, i -__

F'(xY~t)(Time variation)

Latitudinal and longzitudinal variation functions are

* shown in Tables 1 and Z.
For a detailed explanation of thegeetinoJxyt

* refer to [Jones and Gallet, 1961]. The above formulas and

constants have been altered from the originals in the reference
to make the generation permsile on a larger varietyo

computers.
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Table 1. Geographical Funictioni in Latitude

MAIN LATITUDIAL VARIATION

ka G(X, Y)

3 --

ksin x



Table 2. Geographical Functions in Latitude
and Longitude.

MIXED LATITUDINAL AND LONGITUDINAL
VARIATION F IRST ORDER IN LONGITUDE

ka GkXY).

k+l1 co (X) cos(Y)

k + 2 coo (-x) sin (Y)

k +3 sin W cols W cosy

k +4 sin(X) Cos (k) in(Y)

L Isin (x) cosd (x) Cos (y

L sin (x) cos (X) sin (y)

La L- k

MXDLA TI .TVUDINAL AND LONGITUDINAL
VARIATION -SECOND ORDER IN LONGITUDE

L+l Icos 2 (W cos (2 y)

L +2 Co s in (2 y)

L +3 ain (x Cos Wx cos (2 y)
2L +4 sin (x) cos - x) sin (Z y)

Lb 2
-1sin (W Cgs (X)Cg's (ZY)

sin co-- (x) sin (Z y)

Lb 1 1L



14. FZ-layer gyro frequency may be adequately represented

for MUF-FOT predictions by a set of least squares

c oefficientsa doescribing the orthogonal polynomnial.

6 60
y(a 1 +a 1 x + a 1  z . 1a x ) z .

( 7 , 1 +a 7 ,2  1,a3 z2 .. 7 ,7 x

y -- gyro frequency of JF2 layer mMc/ s

x t longitude of control point - degrees

z tlatitude of control point t degrees

a t set of least squares coefficients describing the

orthogonial polynomial (y)

15. FZ-4;000 MUXF.

FrZ-4;000 MUF t (foF2) x (M-4000 factor)

16. F&MUF for low and'high solar activity.

F-MUF -- ZDF + flfc [(F2.-4000)- ZDF]

ZDF t foF2 + -E FZ-layer gyro frequency

M-40,00 factor =- (1. 1) 1M-3000 factor

17. Interpolation for intermediate values of solar, activity.

(10 5SSN :5 180)

FmMVF [P - MUF *(180 mSSN) + F-MUF )(SSN-1 1)/170

F - MUF F-MUF for SSN 10

F- MUF = F-MUF for SSN18
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18. Angle at the ionosphere ($).

a i- "i[p(Bi (90 + tan (cos A ' 1-p/ (p + H,))]

sinA

p + H

angle of incidence m degrees

p - radius of earth m km

A' great circle distance - degrees

HI  layer height - km

19. Ionospheric absorption (single reflection)

A - 615. 5 N sec _ (I)

(f + ig)1.98

- angle of incidence for 100 km - degrees

f = operating frequency

I absorption index

f = gyro frequency - Mc/ sg

20. Basic transmission loss for isotropic antennas in free space.

2'L =10 (p) = 10 log (4 1T d/) ,
bf lo 10  rg 10

= 36,58 + 20 log10 (d) + 20 log1o(f_ i

Pr = pwer available at receiving antenna

pa = power delivered to transmitting antenna

d = ray path- distance - miles

X wave length

fMC/s = frequency - Mc/s
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21. Relationship between' and A.

aj i coo A

angle of incidence at ionosphere

p radius of earth

H, layer height

A =radiation angle of wave

2.Ground reflection factors for vertical and horizontal

polarization.

(i - ix)-coo A

H in A+ x4 _2
(4r ix) Co'sA

(a '6ix) sin A-4_
K r (4 -ix) cos A

V 0

(a - ix) asin A + 2rr (t -ix)-cos Ar

a r =relative dielectric constant of earth,

a' 3x -" 18 x10 /,
V

(T conductivity of earth (mhos/meter),
w=ang ular frequency,

f =frequency in megacycles,
A=angle of elevation in degrees, and

a dielectric constant of fe pc
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23. Rhombic antenna Power gain relative to isotropic ini free space.

g (4, )=3.2 (!)[D(1} +{D( }]

10~ ~ ~ (* i U sl 2 .sin~p sin A
11u 2.

[<' + 1 2 IKV -o 4irh I

sin U1  sinU

1 2

[DK IZA12IKH tdoe (coo 0 sin A)] A

1 l- cos A sin (ep+ 0)

g (A, p)=power gain relative to isotropic in free space

A =angle of departure in degrees,

p angle of aziuth in degree s,

I rhom bic leg lenth in metors,

*h = atenna eight in meters,

4) tilt angle in degrees.



1---- -- -i

S2p 2 y sf sin (tan +--ji+

v=tan'-
p -Y . sinA

-z 4 2
8~ [sin A Binl A ---COS aa

[p+s8in A+2pZ. sinA. too!]

[2 + y2 sin 4  A mzp *y sin 2  A - 1 no a 2 g~

I pv +ysi A + 2 p sin A. cos(2 +sain 1

a-
1 sin sin M-

4H tanF~ iA 2j

p a sin A

aCO )n x

a=r -ta Cg

rr

if conductivity of the ground in mhos per meter

f= operating frequency in megacycles per second

K e H-oiotlrflcincefcet nH -H H=hrznalrfeto oefcet n
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Kyt m i e V _- vertical reflection coefficient.

24. Power gain of half-wave horizontal dipole.

22

si A i.A

sin A)

H aplitude of horizontal reflection coefficient

PH phase amplitude of horizontal ref -lection coefficient

H =height of antenn a - meters

X 299. 7925/frequency in megacycles

A =angle of elevation

Note: 72 ohms assumed impedance of antenna

Gain =10.lg (
decibels 0xlo 10 (A)

25S. Power gain of vertical antennas

12 fcos (A) sin A) cos (A)]2. fK 2 +
coos(4)

2 e Ky co W ZA.e sin A

R a 30 coZ {+ ln (4A) C1 (4A)}

+ + coo (2A) x + 1i (2A) M C. (ZA)~
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+ sin (ZA)x ic i(4A) Si (2A)}
2

C t . 5772156649

H = height of antenna meters

Si sine integral

Ci cosine integral

A 2i H/k

26. Efficiency factor for short vertical antennas.

EFF t 25. 646,20146 " 364. 8173803 x

+ 2179. 890548 x2 -6091. 333295 x3

4
+ 6416. 702573 x

x t wave length of antenna

(1/16 : x 2 1/4)

27. Ground reflection loss.

G= 10 log 10 :[KH- + K,2
2

28. Relationship of field strength to transmission loss.

(Decibels above isotropic)

E - 107.2 + 20 log1 0 (fmc) Lb

f = frequency - Mc/ s

mc

L b = transmission loss - decibels
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X. GENERALIZED BLOCK DIAGRAM OF H4F SYSTEM PERFORMANCE ROUTINE

Read Ij Graph or print
1. Circuit input parameters _________fMuF'FOT option

Z. ionospheric, geophysical and - Figure 1 or 9

systemns paramneters J"E "

Calculate rPrint
1. Great circle distance - System loses option

Z. Earings ________________ Figure 5

3. Location of control points "END

.4. LMT at control, points - _________

5. Sun' s zenith angle at ControlPrn
points 'I. Set receiving antenna Field strenrgth

6. Geornanetie loctionofesponsetisotropc_--optioFigure 
_

control points 2. Relate System loss to"ED
7. Absorptioni index I at control fiedsrnt bu

.Points
8. Path absorption index I

9E-ayejr Control points MUF.
10. FZ-layer control points MUFa:

1.MUF and FOT for path

C alculate CalculatePrn

1. FZ-layer height 1I. LT at receiver site S/N ratio option

Z. Distance per hop I2. A ospheric, man-made Figure 7

3. Radiation angle for E. EF2 and galactic noise"ED

4.Angle of incidence associated -

with mode
5. Maximum E-layer angle of __________

incidence ICalculate jfPrint
6. Minimum FZrlayer angle of 1. Type of path, e. g. , Polar, Reliability option

incidence short or long, etc. - Figure 2 or 8

7. Dominant type of terrain 12. Circuit reliability fI "END"
S.Possible m odes --

9.Ionospheric loss for path - -- CluaeI _

10. Critical frequency Emlayer Cpalorlptent
11. Critical frequency F2~1ayer 1. Lowest frequency in Band FOT-LUF option

12. Ground reflection loss 7 with reliability of 90%1 ]Figure 3. 4 or 10

13. Ray-path attenuation or greater "END"

14. Transm itter antenna gain 2. Iterate downward on freq.- -

15. Receiver antenna response utlrlaiiyi 0

16. Mode with least losst;-----

Figure 18



Xi. CONCLUSIONS

The computer solution of HF systems problems based on estab-

lished manual methods is efficient and practical.

The radio systems engineer may with this basic tool check pre-

dictions against operational data to update the prediction scheme and

to test new prediction parameters with little effort.

The routine is based on average monthly values; therefore, it is

most useful in systems problems such as allocation of frequencies and

circuit design. Use of the relative values produced by the prediction

scheme are no doubt more important to the communication engineer

than are absolute values. The routine is most valuable for the exper-

ienced engineer with an adequate knowledge of the shortcomings, as

well as the usefulness of such a prediction scheme.
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